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TRANSLATOR'S PREFACE. 



Ammonia and its Compounds are products of considerable use and 
value in the industrial arts, and of late their application to various 
purposes — manufacture of ice, agriculture, etc. — has increased very 
much, so that chemical manufacturers have been induced to pay 
more attention to methods and means of producing them in a com- 
paratively pure condition on a large scale, and to seek new sources 
of raw material for their preparation. Under these circumstances, 
and seeing that there has been but little published in England about 
the manufacture of ammonia, the publication of the present trans- 
lation of Professor Camille Vincent's little treatise on Ammonia 
will not be without interest and value. The Author, who is Pro- 
fessor of Chemistry at the Paris Central School of Arts and Manu- 
factures, describes very clearly the methods which are largely and 
successfully practised in France for the preparation of ammonia 
and ammonium salts from various waste and raw products. The 
description is materially enhanced in value by the many illustrations 
of the plant that is used in conjunction with these processes which 
accompany it. 

A new Index has been compiled to facilitate reference. 



THE TRANSLATOR. 



London, September 1901. 



104777 



CONTENTS. 



T&anslatob's Preface 
List of Illustrations 



PAGE 
V 

• •• 

VUl 



CHAPTER I. 
General Considerations. 

1. Various Sources of Ammoniacal Products 

2. Human Urine as a Source of Ammonia. 



1 
4 



CHAPTER II. 
Extraction op Ammoniacal Products prom Sewage. 

§ 1. Preliminary Treatment of Excreta in the Settling Tanks 

The Lencaachez process ...... 

The Bilange process ....... 

The Euentz process ....... 

§ 2. Treatment of the Clarified Liquors for the Manufacture of 
Ammonium Sulphate . 

The Figuera process and apparatus ..... 

Apparatus of Margueritte and Sourdeval .... 

The Lair apparatus ....... 

Apparatus of Sintier and Muh^ « . . . . 

Apparatus of Bilange ...... 

The Kuentz process ....... 

Process and apparatus of Hennebutte and De Yaur^al 
§ 3. Treatment of Entire Sewage ..... 

Chevalet's apparatus ...... 

Paul Mallet's apparatus ...... 

Lencauchez* apparatus ...... 



7 

8 

11 

13 

14 
14 
15 
19 
25 
27 
28 
29 
32 
32 
86 
39 



CHAPTER IIL 
Extraction op Ammonia prom Gas Liquor. 



§ 1. Clarification of Gas Liquor 

§ 2. Manufacture of Ammonium Sulphate 

A. Mallet's apparatus 

A. Mallet's modified apparatus 

Paul Mallet's apparatus 

Chevalet's apparatus 

Griineberg's apparatus 



44 
47 
47 
52 
53 
57 
61 



VI 



CONTENTS 



vn 



§ 3. Concentration of Gas Liquor 
Solvay's apparatus . 
Kuentz's apparatus . 
Griineberg's apparatus 



PAGE 

63 
63 
67 
69 



CHAPTER IV. 

Manufacture of Ammoniacal Compounds from Bones, Nitrogenous 

Waste, Beetroot Wash, and Peat. 



§ 1. Ammonia from Bones . . . . 

§ 2. Ammonia from Nitrogenous Waste Materials 
§ 3. Ammonia from Beetroot Wash (Vinasse) 
§ 4. Ammonia from Peat ... 

Treatment of the ammoniacal liquors 



72 
74 
74 
75 

.82 



CHAPTEK V. 

Manufacture of Caustic Ammonia, and Ammonium Chloride, 

Phosphate, and Carbonate. 



§ 1. Manufacture of Caustic Ammonia 

§2. Manufacture of Ammonium Chloride . 

From fermented urine — Process of the Lesage Company 

Euentz's process . . . . . 

From gas liquor — English process — Euentz's process 

From the dry distillation of animal matter 

From ammonium sulphate . 

Sublimation . 
§3. Ammonium Phosphates 
§4. Carbonates of Ammonium . 

Sesquicarbonate from animal matter 

English process 

Uses. 



85 
91 
91 
92 
92 
94 
95 
96 
.98 
100 

ioo 

101 
102 



CHAPTER VI. 
Recovery of Ammonia from the Ammonia-Soda Mother Liquors. ' 



§ 1. General Considerations .... 

§2. Apparatus of Schl(esino and Rolland . 

§3. Apparatus of the SocrfT#. Anonyme de l'Est . 



104 
105 
107 



Index 



113 



LIST OF ILLUSTEATIONS. 



FIG. 

1. APPAEATUS OF MAEGUEEITTE AND SOUEDEVAL 

2. DETAILS OF CONSTEUOTION OF THE COLUMN A OF FIG. 1 . 

3. PLAN AND ELEVATION OF LAIE's APPAEATUS 

4. ELEVATION SHOWING THE AEEANGEMENT OF THE VAEIOUS PAETS OF 

LAIE'S APPAEATUS ....... 

6. APPAEATUS OF 8INTIEE AND MUH^ ..... 

6. APPAEATUS OF HENNEBUTTE AND VAUE^AL .... 

7. CHEVALET's APPAEATUS ...... 

8. INSTALLATION OF A LARGE CHEVALET APPAEATUS . 

9. mallet's APPAEATUS . . . . , . . 

10. LENCAUCHEZ* APPAEATUS. THE BAEOMETllIO AND ABSORPTION CHAMBERS 

11. LENCAUCHEZ* APPARATUS. VERTICAL SECTION OF THE BOILEE FOR DECOM 

POSING THE FIXED SALTS ...... 

12. PLAN AND VERTICAL SECTION OF THE RESERVOIRS AND TANKS FOR THE 

SEPARATION OF THE AMMONIACAL LIQUORS AT THE VAU6IRARD WORKS 

13. PLAN AND VERTICAL SECTION OF A. MALLET's APPARATUS . 

14. ELEVATION OF THE SATURATION TANK .... 

15. A. mallet's apparatus ...... 

16. DETAILS OF THE PIPE SYSTEM ..... 

17. P. mallet's apparatus ...... 

18. CHEVALET's APPARATUS, WITH THERMO-SYPHONS 

19. gruneberg's apparatus ...... 

20. solvay's apparatus ....... 

21. NEW arrangement OF THE BOILERS IN SOLVAy's APPARATUS 

22. KUENTZ'S APPARATUS ....... 

23. gruneberg's APPARATUS FOR THE MAtsUFACTURE OF CONCENTRATED 

AMMONIACAL LIQUOR ...... 

24. PEAT STILL ........ 

25. APPARATUS FOR THE TREATMENT OF AMMONIACAL LIQUOR. 

26. mallet's APPARATUS FOR PURIFYING AND DISSOLVING AMMONIA GAS 

27. APPARATUS OF THE LESAGE COMPANY FOR MAKING LIQUID AMMONIA 

28. FURNACE FOR THE SUBLIMATION OF SAL AMMONIAC IN POTS 

29. APPARATUS OF SCHL(ESING AND ROLLAND .... 

30. APPARATUS OF THE SOCI^T^ ANONYME DES PRODUITS CHIMIQUES . 

31. CONES PILED UP IN THE BOILERS C AND D . 

32. THE SEPARATOR AND COLLECTOR IN PLAN AND SECTION . 



PAGE 
16 

17 

21 

22 
26 
31 
33 
35 
37 
40 

42 

46 
48 
49 
54 
55 
56 
58 
60 
64 
66 
67 

70 

81 

83 

87 

89 

97 

106 

108 

109 

111 



Vlll 




AMMOIflA AlfD ITS COMPOUN^DS. 



CHAPTEK I. 

GENERAL CONSIDERATIONS. 

§ 1. Various Sources of Ammoniacal Products. 

Nitrogen, in the condition of an ammoniacal salt or of a nitrate, 
contributes to the nutrition of plants. Plants convey the nitrogen 
to the organs of animals to form compounds of a higher order of 
complexity. Exposed to the action of a high temperature, or simply 
allowed to undergo putrid fermentation, nitrogenous organic sub- 
stances produce ammonia, which is easily recovered. The organs 
of plants and animals constitute, therefore, the natural source of 
ammoniacal products. The excrements of man and animals, which 
are rich in nitrogenous substances, also afford ammonia in abundance, 
both for agricultural and industrial requirements. Down to the 
end of the last (eighteenth) century there was employed in Europe 
only an unimportant amount of ammonia, which was obtained from 
India and Egypt in the form of carbonate or chlorhydrate. Crude 
ammonium chloride, or sal ammoniac^ was obtained by burning the 
dung of animals, especially camels, fed upon saline vegetation. The 
poor people of the banks of the Nile were in the habit of gathering 
this dung and drying it in the sun, for the purpose of using it as 
fuel during the winter. The abundant soot obtained from these 
substances was collected and submitted to slow sublimation in 
glass flasks. Cakes of impure sal ammoniac, coloured grey by tarry 
products, were thus obtained, and were sent into commerce. This 
I 
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primitive manufacture is no longer in existence; more abundant 
sources of ammonia having been discovered, and simple and 
economical processes of preparing ammoniacal salts in a high state 
of purity having been brought into use. The fermentation of 
human dejections, the calcination of animal matters, and the dis- 
tillation of coal, are the principal sources from which agriculture 
and manufactures at the present day derive the enormous quantity 
of ammoniacal compounds which they require.^ A certain quantity 
is also extracted from the water of the Tuscan lagoons, and from 
the products of the distillation of the residual wash from beet-root 
spirit, but these sources are at present Hmited. 

The increase in the consumption of ammonia has doubled its 
value in twenty years ; especially of late, the manufacture of soda 
by the ammonia process has particularly contributed to raise the 
price. We learn, in fact, from an able work by Walter Weldon, 
on the Soda Inditstry, that by this process there is annually manu- 
factured 163,000 tons of soda, consuming 9000 tons of ammonium 
sulphate. In spite of the great extension of this manufacture of 
soda, which cannot but still further increase, we may feel assured 
that the price of ammonia instead of rising will now diminish, 
thanks to the efforts which have recently been made to recover 
the enormous quantities which have hitherto been lost. Several 
years ago M. Carves started in France, and more recently in 
England, coke ovens which, whilst yielding coke of good quality, 
allow of the recovery of the tar and ammonia. The ovens of this 
description at Tamaris, Terre-Noire, and Besseges, produce in the 
aggregate about 300 tons of coke per day, with 6 tons of tar and 
2 to 2 J tons of ammonium sulphate. This method of manufacture 
has not made the progress in France which might have been hoped, 
although it has given satisfactory results. Eecently John Jameson 
of Newcastle-on-Tyne has worked out a process of condensation, 
applicable at a low cost to existing coke ovens. This new process 
has been working for a year at the factory of Mr. Hugh Lee 
Pattison at Felling, and gives most satisfactory results. About 5*4 
kilos. (11-9 lbs.) of ammonium sulphate is obtained from 1 ton 

1 From documents published in 1882, there was produced in the United Kingdom 
1,000,000 tons of ammoniacal gas liquor, resulting from the distillation of 9,000,000 
tons of coal, and yielding about 25,000 tons of ammonium sulphate. The Paris Gas 
Company alone distilled 927,104 tons of coal in 1882. 
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of Northumberland coal, and there is reason to hope that this 
yield will be increased as the apparatus is improved. The yield 
of coke and its quality are in no way affected by this new 
process, which will soon be adopted by a large number of manu- 
facturers. 

Whilst England has been occupied in collecting ammonia from 
the coke ovens, Scotland has undertaken the condensation of 
ammonia from blast furnaces consuming coal. This idea was due 
to Mr. W. Ferrie ; it has recently been applied to two of the six 
blast furnaces at Gartsherrie, and will shortly be applied to the 
remainder. The quantity of ammonia collected daily at Gartsherrie 
represents 900 kilos. (1980 lbs.) of ammonium sulphate, or a yield 
of 9 kilos. (19*8 lbs.) per ton of coal burnt. The decomposition 
of the coal takes place under these conditions at a temperature 
intermediate between that of the coke ovens and that of the gas 
retorts. The results obtained at Gartsherrie have induced other 
factories to endeavour to solve the same problem by different 
methods. It may therefore be hoped that the 120 Scotch blast 
furnaces which consume coal will be furnished in the near future 
with the apparatus for the condensation of ammonia. Each of 
these 120 blast furnaces consumes 50 tons of coal daily; the total 
yearly consumption is 2,190,000 tons, which would yield about 
20,000 tons of ammonium sulphate, worth at least £400,000. 
This enormous quantity of ammonia barely represents one-tenth of 
that which might be obtained from the products of the English coke 
ovens, in which 20,000,000 tons of coal are annually converted; 
admitting * a yield of 9 kilos, of ammonium sulphate per ton, 
already obtained at Gartsherrie, 180,000 tons of this product 
should be recovered. This brief account shows that the con- 
sumption of ammonia may be largely increased, perhaps many 
times multiplied, without any fear of a deficiency of this substance 
for technical purposes. It may further be added, that the com- 
bustion of coal is the most important source of ammonia which 
can be turned to account, at least in the majority of factories, as it 
already is in several of them. 

Independently of these various sources of ammonia, attempts 
have for some time been made to . produce this substance from 
atmospheric nitrogen. We will not here refer to the numerous 
and able researches which have been made on this subject, and the 
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very interesting results which have already been obtained; but 
although this problem has not yet been solved from an industrial 
point of view, it may be anticipated that it will one day be solved, 
since patient and able investigators are attacking it vigorously. 
The production of ammonia would then be unlimited, to the great 
benefit of agriculture and manufactures. 

§ 2. Human Urine as a Source of Ammonia. 

The kidneys of the mammalia secrete a liquid, urine, which 
collects in the bladder, to be subsequently expelled from the body. 
This liquid is essentially a product of excretion, containing in 
solution mineral and organic matters, which the renal glands 
remove continuously from the blood. The chief substances which 
it contains are urea, common salt, and earthy phosphates. Urea is 
the final product of the oxidation of nitrogenous matters in the 
organism ; these matters appear to decompose into substances free 
from nitrogen, such as glycogen, inosite, and cholesterin, and 
nitrogenous substances such as urea, creatinine, xanthine, and 
uric acid, which are found in all tissues, and are capable of 
transformation into urea by decomposition and oxidation. The 
urea is transferred to the blood, and continuously thrown out by 
the kidneys. 

The urine secreted by a healthy man is a limpid yellow 
liquid, varying in density from 1*005 to 1'030, but more 
usually from 1*015 to 1*025 ; of bitter and saline taste, due prin- 
cipally to the common salt and urea, and with a peculiar slight 
odour. It has generally an acid reaction, but may be neutral or 
even alkaline. It contains all the mineral and organic substances 
which have been taken in excess of the bodily requirements, and 
are in consequence not assimilable, and all the products of the 
metamorphosis of tissue. It contains, besides urea and common 
salt, small quantities of uric and hippuric acids, creatinine, xanthine, 
colouring matters, and undetermined extractive substances, together 
with alkaline sulphates, alkaline and earthy phosphates, and, lastly, 
a trace of silica. 

The following table gives the normal composition of the urine 
of an adult man weighing 65 kilos. (143 lbs.), taking a normal 
diet and moderate exercise: — 
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SUBSTANCES. 



"Water 



Organic matters- 
Per day, 41 -74 
Per kilo. 32-11 



grms. 



)» 



Mineral mattera- 
Per day, 20*19 grms.-« 
Per kilo. 15-53 



>> 



Urea 

Uric acid 

Hippuric acid 

Creatine and creatinine 

Xanthine 

Extractive and colouring 
matters 

Fatty acids 

Glucose 

Phenol 
^Mucine 
/'Sodium chloride . 

Alkaline sulphates 

Calcium phosphates 

Magnesium ,, 

Alkaline ,, 

Silica, iron, ammonia' 



Average daily 
quantity. 

1238*07 grms. 
31-55 
0-52 
1-30 
1-30 
0-006 
7-065 



Traces. 

13-30 grms. 
4-03 
0-408 
0-591 
1-86 



Average quantity 
per kilo. 

952*36 grms. 
24-27 
0-40 
1-00 
1-00 
0-004 
5-41 









Traces. 

10-231 grms. 
3-10 
0-313 
0-455 
1-431 






f Oxygen 



Gases -j Nitrogen 

\ Carbonic acid , 



Traces. 



Tracea. 



1300-00 grms. 1000-00 grms. 



These proportions are liable to considerable variations. Normal 
urine may contain 20 to 35 grms. of urea per litre; the quantity 
produced by a man varies from 22 to 37 grms. in twenty-four hours. 
The quantity of uric acid varies from ^ to 7^ of the weight of the 
urea. Normal human urine is limpid when fresh ; if left it often 
becomes sUghtly turbid on cooling, owing to the deposition of 
flocks of mucus and a trace of phosphates, in consequence of the 
loss of part of the carbonic acid. It then becomes acid, and its 
colour deepens, whilst uric acid and urates are deposited. It 
remains in this condition for some time ; it then becomes neutral, 
and eventually strongly alkaline, whilst abundance of earthy 
phosphates, and oxalates, ammonio - magnesium phosphate, and 
ammonium urate separate. The urea has then become ammonium 
carbonate, by combining with the elements of water : COH^Nj + 
2H2O = (NHJgCOs. 

If fresh urine, after boiling, is kept in a Pasteur flask to 
which all access of atmospheric dust is prevented, it may be kept 
unaltered for an indefinite time. 

M. Van Tieghem has proved the constant presence in urine 
undergoing ammoniacal fermentation of a torula, consisting of 
minute globules connected into chains, which possesses the property 
of converting ui*ea into ammonium carbonate. The rapid trans- 
formation of the urea is probably due to this organism. Since the 
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22 to 37 grms. of urea yielded daily by a man will produce 12*5 
to 21 grms. of ammonia, it follows that the urine from a large 
town constitutes an important source of ammonia. It should, 
however, be noticed that a large part of the urine of towns is sent 
direct to the drains, either by the public urinals, or by movable 
close-stools which constantly discharge into the drains. For this 
reason urine is used to a very limited extent . for the manufacture 
of ammonia. Paris is one of the towns where this utilisation is 
of most importance. The matters removed from the fosses are 
transferred to settling reservoirs, where the solid products are 
allowed to settle, for subsequent drying, whilst the supernatant 
liquid, which is known as " eau vanne," passes into other reservoirs 
to finish its fermentation. At the end of three or four weeks, 
these liquids, which consist essentially of putrefied urine, are used 
for the manufacture of ammoniacal products. 



CHAPTER II. 

EXTRACTION OF AMMONIACAL PRODUCTS FROM SEWAGE. 

§ 1. Preliminary Treatment of Excreta in the 

Settling Tanks. 

The excreta removed from the fosses, after the addition of metallic 
salts, iron sulphate, zinc chloride or sulphate, for the decomposition 
of the ammonium sulphydrate which they contain, are transferred 
to large covered tanks. In Paris there are daily extracted upwards 
of 2200 cm. of excreta, 300 of which are obtained from 
the movable close-stools. The Lesage and the Parisian Sewage 
and Manure Companies convey these substances by night in 
cylindrical trucks, which are emptied into hermetically closed sheet- 
iron tank-barges, which are then towed to the works at Billancourt, 
Aubervilliers, and Maison-Alfort for the Lesage Company, or for- 
merly to Nanterre, before the closing of the factory of the Parisian 
Company. Steam pumps lift the contents of the barges and dis- 
charge them by subterranean pipes into huge reservoirs excavated in 
the earth, covered with tile roofs, and made watertight by puddling 
with clay. Since the closing of the Nanterre works, the Parisian 
Company has been provisionally authorised to treat the sewage in 
the common sewers of Bondy. The sewage sent to the settling 
tanks of La Villette is discharged by cast-iron pipes into the tanks 
established at Bondy. More than half the sewage of Paris is 
treated by these two companies. 

The average sewage sent to the settling tanks contains from 
85 to 95 per cent, of liquid; left to itself, it soon deposits a black 
mud, and the more or less turbid eau vanne can be run off and 
allowed to ferment. The fresh sewage contains nitrogen in the state 
of uric acid, creatinine, albuminoid substances, and ill-defined com- 
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pounds, and chiefly as urea. By fermentation, which takes place 
partly in the fosses, the urea is gradually converted into ammonium 
carbonate by fixing the elements of water ; there are also produced 
ammoniiun sulphide, sulphate, and chloride, and ammonio-magnesium 
phosphate. At the same time a number of complex products are 
formed, notably compound ammonias, the presence of which, although 
in small proportion, renders the smell from the settling tanks very 
unpleasant. Neutral substances of disagreeable odour are also 
formed, which explains the diflficulty of finding a simple and 
economical method for the complete deodorisation of sewage. Up 
to the present time it may be said that no satisfactory mode of 
destroying the emanations from sewage has been attained, except 
by agents such as chlorine, bromine, and nitrous gases, which 
decompose or greatly modify all odorous organic compounds ; but 
these are costly. 

The experiments made at the " H6pital de la Piti^ " by MM. 
Bapst and Girard on the use of nitrous sulphuric acid, have given 
very sharp and conclusive results ; it is desirable that they should 
be repeated in practice. 

It is always observable that sewage exposed to the air in the 
settling tanks, loses a notable proportion of its ammoniacal nitrogen, 
which passes off either as nitrogen or ammonium carbonate, or is 
converted into nitric acid by a special fermentation, as has recently 
been shown by the researches of Schloesing and Muntz. 

At the end of three or four weeks, the fermentation being 
completed, the liquid is ' passed to the apparatus for the extraction 
of the ammonia. The deposit in the tanks retains much liquid ; 
this is dried and powdered. In many cases this mud is simply 
allowed to dry spontaneously, and requires several years, together 
with costly labour, whilst noxious affluvia are produced and a 
serious loss of nitrogen takes place. Thus, sludge, which after 
rapid drying would contain 2*5 to 3 per cent, of nitrogen, will 
retain at most 1*5 per cent, after exposure to the air for two years. 
The rapid desiccation of the sludge is therefore a matter of im- 
portance, and numerous attempts have been made to solve this 
problem in a manner which shall be both economical and conform- 
able to public hygiene. 

The Lencauchez Process, — In 1858, Lencauchez, a civil engineer 
of Paris, endeavoured to solve the problem of the rapid conversion 
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of sewage into solid manure and ammonium sulphate. The follow- 
ing is a short account of the processes which he employed for 
dealing with the sewage accumulated in the immense settling tanks 
at Bondy. The plan first adopted had for its object — (1) to run 
off the liquid portion of the sewage ; (2) to dredge up the sludge, 
dry it in stoves traversed by warm air mixed with the products 
of combustion from special furnaces, to obtain it in the form of 
powder {poudrette) ; (3) to distil the liquid portion alone, for the 
extraction of the volatile salts of ammonia ; (4) to continue the 
distillation after adding lime to decompose the fixed salts of 
ammonia, and then run the residues into the drains. This pro- 
cess, whilst it allowed the extent of the tanks at Bondy to be 
reduced, did not satisfy hygienic requirements, either with regard 
to the effluvia or to the quality of the effluent liquids, which, 
whilst containing only a small amount of nitrogen, were rendered 
turbid by solid matters thrown up by the fermentation which took 
place in the tanks. About 1868, Lencauchez altered his process 
completely. He observed that the liquid portion of the sewage 
could only be run off conveniently when fermentation had ceased, 
since the bubbles of gas kept permanently in suspension those 
organic matters whose density was the same as that of the liquid, 
allowing only the heavy earthy matters to settle. He observed 
further, that boiling, which coagulates albuminous substances and 
destroys ferments, permits the rapid decantation of the liquid; 
and, lastly, that the action of lime, by destroying the ferments and 
saturating the acids, assists subsidence still further. If the sewage 
is distilled with an excess of milk of lime, lime salts are formed, 
which, mixed with the organic matters, form a deposit of greater 
density than the liquid, and from the absence of gases and ferments, 
and the effect of the excess of lime in preventing fresh ferment- 
ation, settling takes place rapidly. In 1867, Chevalet showed that 
after treatment with lime and distillation of the ammonia, the solid 
and liquid portions of the sewage could be separated without the 
loss of more than 1 or 2 per cent, of their nitrogen. This led 
Lencauchez to propose that the treatment of sewage should be 
commenced by distillation with lime. He took out a patent for 
this method on the 3rd March 1869, and a supplementary one 
on the 24th May 1870. The new method consisted — (1) in dis- 
tilling the entire sewage in a vacuum with lime for the recovery 
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of the ammonia; (2) separating the solid and liquid portions by 
settling ; (3) drying the sludge. The following is a description of 
the process as submitted to a committee of visitation on the 8 th 
June 1872: — 

The sewage, on arriving at the establishment, is to be put 
through disintegrators to render it homogeneous. These are closed 
vessels through which a current of air is driven by a fan into a 
sulphuric acid tower for the fixation of the ammonia. The uncon- 
densable gases are destroyed by passing through a furnace. The 
sewage issuing from the disintegrators passes through a sieve, 
and the coarser particles retained by the sieve are collected in 
waggons and burnt in special furnaces. The liquids flowing from 
the sieves are to be received in storage tanks of impermeable 
brickwork, vaulted over to prevent the escape of effluvia, and 
ventilated like the disintegrators. The treatment of the contents 
of these tanks will be examined in greater detail in § 2. The 
exhausted liquids, after boiling with lime, were to be raised by 
a pump into a transference apparatus, where they would part with 
most of their heat to fresh sewage. They would then flow into 
settling tanks, where they would be treated with a small quantity 
of aluminium sulphate (about 50 grs. per cubic metre), to assist the 
setthng of the suspended matters and allow of the rapid decanta- 
tion of the clear liquids, which would then be allowed to flow away. 
The sludge at the bottom of the tanks would then be passed 
through filter presses to obtain the solid matters in the form of 
cakes, which are to be dried and powdered, whilst the liquid 
returns to the tanks. The stoves for drying the press cakes are 
traversed by the products of combustion of the furnaces, to which 
enough air is added to reduce their temperature to 110° C, so as 
not to char the organic matter of the cakes. During the drying 
the excess of lime will be carbonated. 

This brief sketch of the subject shows that M. Lencauchez 
proposed the following improvements in the treatment of 
sewage : — 

(1) Distillation in vacuo, avoiding the formation of a large propor- 
tion of odoriferous matters, which form only at a high temperature ; 
(2) treatment with lime, to remove ammoniacal products at once, 
and allow a ready separation of the. solid and liquid matters by 
arresting fermentation and coagulating albuminous substances ; 
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(3) the use of filter presses, to collect the solids in the form of 
cakes, and allow of rapid drying in a current of heated gas ; 

(4) the use of closed and ventilated apparatus, to prevent the 
dispersal of the exhalations and allow the uncondensable gases to 
be destroyed by passing through furnaces. This ingenious process 
has, however, never been practically brought into use. 

We shall not allude to all the attempts which have since been 
made to treat sewage with rapidity, as that would take us from 
our subject ; we will only describe two processes, namely, that of 
Bilange, which is in use in Bondy, and that of Kuentz, which is 
chiefly employed at the Versailles works. The first of these processes 
permits the treatment of entire sewage, and allows the separation 
of practically the whole of the liquid portion, from which the 
ammoniacal products are then extracted; the second divides the 
sewage into clear effluent, and solid cakes containing assimilable 
phosphates. 

The Bilange Process. — M. Bilange has sought to produce a 
manurial product of immediate utility, and to allow only inodorous 
and imputrescible matters to pass away into the air or the effluent 
Uquids. His process is a satisfactory one from a hygienic stand- 
point, and he extracts from the sewage nearly the whole of the 
fertilising materials which it contains. 

The treatment comprises three distinct operations — 

1. Treatment by chemicals, which assist the settling of the 
solid matters, and the decantation of the liquid portion. 

2. The conversion of the sludge into manure. 

3. The distillation of the liquids for the recovery of the ammonia 
as sulphate. 

As we shall see later on, the distillation and absorption of the 
vapours takes place in closed apparatus under reduced pressure. 

The sewage discharged from the reservoirs of La Villette is 
delivered at Bondy directly into disintegrators, where it is mixed 
with definite proportions of chemicals, consisting chiefly of milk of 
lime, of density 1*16 to 1'20. Two disintegrators are employed, 
and they are capable of passing 100 cm. of sewage per hour. 
From the disintegrators the mixture flows into a brickwork 
tank of 500 cm. capacity, covered with a plank floor, with 
openings to allow acicess to the tank. The more lime there has 
been added, the more readily does settling take place. After 
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about an hour the clear supernataDt liquid can be removed by a 
pump. It has a pale amber colour, and contains free ammonia, the 
acids being in combination with lime, and it is free from most of 
the impurities of the eaux vamies. The reactions which have occurred 
in this treatment are easily understood ; the carbonic acid has com- 
bined with the lime, and the insoluble calcium carbonate produced 
is precipitated ; the other acids also combine with the lime, produc- 
ing both soluble and insoluble calcium salts, the latter of which 
precipitate with the carbonate. Moreover, the albuminoid matters 
are coagulated by the lime and entangle the pulverulent precipi- 
tates. A coagulation of the whole has in fact taken place, and 
the black fetid matters which entered the disintegrators issue from 
the tanks in a short time in a clear and limpid condition, with 
only an odour of ammonia, and in a fit state for its subsequent 
extraction. When the clear liquor has been drawn off, it is 
replaced by an equal volume of the mixture delivered by the dis- 
integrators, and this operation is repeated several times until the 
tank is full. The thick sludge is then further treated for the 
production of a solid manure and the recovery of the adherent 
ammoniacal liquor. The sludge is passed into working tanks 
holding about 70 cm. and thence to filter presses. It is raised 
into a series of monte-jtts similar to those used in sugar works ; in 
these it is heated by a jet of steam, and is only passed through 
the filters when sufficiently hot. This preliminary heating is neces- 
sary for satisfactory filtration ; it gives a more satisfactory texture 
to the deposit ; without it, firm cakes cannot be produced, filtration 
is troublesome, and the effluent is turbid and blackish. After heat- 
ing, on the contrary, the effluent from the presses is clear and yellowish, 
the cakes are hard, and are readily detached from the filter cloths. 
During the heating, ammoniacal vapours are evolved, which are 
drawn off from the monte-jus by a pipe and passed into a lead 
vat containing sulphuric acid, where they are converted into 
ammonium sulphate. The effluent from the presses being thus 
deprived of its ammonia, does not inconvenience the workmen. 
The cakes are the richer in nitrogen the less there has been em- 
ployed of chemicals, and the richer the sewage in nitrogenous 
organic substances. 

One hundred cm. of crude sewage yield by this process 
75 cm. of clear effluent and 25 cm. of sludge, yielding 6000 
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to 7000 kilos, of press cakes, containing 50 per cent, of moisture. 
The clear liquors drawn from the settUng tanks, and those from 
the filter presses, are treated together for the manufacture of 
ammonium sulphate. 

This process, as may be seen, gives the double advantage of a 
rapid treatment of the sewage and the avoidance of effluvium, 
whilst it yields liquors which are easily treated, and cakes which 
are dried without difficulty. But these cakes have a very low value 
on account of the small amount of fertilising material contained 
in them. 

The Keuntz Process, — This process also avoids the stocking of 
the sewage in settling tanks, and allows its immediate separation 
into clear liquors and saleable press-cakes. The sewage is received 
in a large closed tank, with vertical partitions, where a first separa- 
tion of solid and liquid takes place. The clear Uquors from the 
top of the last compartments flow into a vat from which they pass 
into the ammonia stills after traversing the heaters. The thick 
deposits collected in the lower part of the first compartments are 
lifted by a monte-jus into a closed mixer, where they are treated 
with aluminium chloride, ferric chloride, and acid calcium phosphate 
to disinfect them, fit them for the filter press, and enrich them in 
fertilising materials. The reagent is prepared by treating a mixture 
of 15 parts of bauxite, 75 parts of natural phosphate of lime, and 
3 parts of hydrated oxide of iron, with 110 parts of commercial 
hydrochloric acid, and 150 parts of water. Of the resulting solu- 
tion, 50 kilos, are added for each cubic metre of the thick sludge. 
After settling for twenty-four hours, a further quantity of clear liquor, 
with only a faint odour, can be drawn from the surface, whilst 
the sediment is Kfted by a monte-jus and forced by compressed air 
into a filter press. This process yields clear liquors and press- 
cakes which are readily dried. The cakes contain as dicalcic 
phosphate all the soluble phosphate added, which, together with the 
calcium carbonate, has been precipitated by the ammonium carbonate 
present. The iron has combined with the sulphuretted products, 
and the alumina has modified the albuminous and slimy matters, 
so that they no longer prevent filtration. The cakes thus obtained 
contain 3 to 3*5 per cent, of nitrogen and 10 to 12 per cent, of 
assimilable phosphoric acid. This process is at work at various 
places, especially at Versailles, 
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§ 2. Treatment of the Clear **Eaux Vannes." 

1. The Figuera Process, — ^The oldest process for the extraction 
of the ammonia from the eaux ratines is due to Figaera, by 
whom it was worked at Bondv. It is based on the volatilisation 
of ammonium carbonate hj steam. Figuera's apparatus consisted 
of an ordinary steam boiler of a capacity of 11 cm., the 
steam from which could be passed in succession into two vertical 
wrought - iron cylinders, each holding 1 chl, and contain- 
ing the eaii ranne to be treated. The steam, together with 
the volatile salts of ammonia which it carried off, was passed 
into a leaden condensing coil traversing a wooden tank of 
25 cm. capacity filled with fresh - eau ranne^ which, whilst 
condensing the steam, was itself warmed. The steam, with most 
of the ammonium carbonate, was thus condensed. The uncon- 
densed gases were driven through sulphuric acid contained in a 
wooden vat lined ¥rith lead, where the ammonia became converted 
into sulphate. The steam boiler was fed ¥rith the exhausted 
liquor from the cylinders, which still contained a trace of ammonia, 
and the cylinders were refilled with the warmed eait vanne from 
the condensing vat. Each cylinder was furnished with a wrought- 
iron steam chest for the breaking down of the abundant froth 
carried off by the vapour, and fitted with a gauge-glass to regulate 
the progress of the operation. Each operation lasts about twelve 
hours: when finished, the contents of the steam boiler are run 
out, and the boiler is refilled from the cylinders. The latter are 
recharged with the eau vanne from the cooling vat, and a fresh 
operation is commenced. The condensed ammoniacal liquid, having 
been neutralised with sulphuric acid, yields a very weak solution 
of the sulphate, indicating scarcely 5° Beaum^, and requiring to 
be concentrated together with the liquor from the acid vat. This 
concentration consumes a considerable amount of fuel, which it 
has been sought to reduce by employing the weak liquors for 
feeding the steam generators, by which part of the eau vanne 
was treated. When concentrated to 24° Beaum^, it was drawn 
off from the generators, and the operation finished in open pans 
heated by direct fire. The sulphate deposited during the evapora- 
tion is fished out, drained, and dried : the acid mother liquors are 
returned to the absorption vats. 
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Figuera fitted up at Bondy eleven sets of apparatus, allowing 
of the daily treatment of 300 cm. of eau vanne, and producing 
about 2500 kilos, of ammonium sulphate. 

This process, which presented numerous imperfections, has long 
been abondoned, but it served as the starting-point for more 
economical processes, which we shall examine in succession. 

2. Apparatus of Margueritte and Sourdeval. — Figuera's apparatus 
allowed only weak solutions of ammonium sulphate, contaminated 
with impurities carried over by the froth, to be obtained. It 
was therefore necessary to evaporate much water to obtain the 
crystalline salt. Moreover, liquors imperfectly exhausted had to 
be thrown away boiling hot, and lastly, the quantity of ammoniacal 
liquor treated was small in comparison with the size of the plant. 
An apparatus has been designed by Margueritte and Sourdeval 
which obviates most of these inconveniences, and which has been 
adopted by many large companies. They have adopted the prin- 
ciple of the distillation column, which has long been in use for the 
dephlegmation of alcohol. 

Fig. 1 shows the whole of their apparatus, which consists 
essentially of two parts : (1) an ordinary distillation column, A, 
of wrought iron, 1*3 m. in diameter, and composed of twenty- two 
plates, each of which is furnished with ten inverted cups, through 
which the ea^c vanne descends, undergoing systematic exhaustion, 
and escapes through the syphon S;-(2) of a cooler fed with the 
eau vanne, which cools and partly condenses the ammoniacal 
vapours. From the end of this cooler there flow only saturated 
solutions and vapours rich in ammoniacal products, which are 
received in sulphuric acid. 

Fig. 2 shows in plan and section the details of the construction 
of the column. 

The apparatus works in the following manner : — The eau vanne 
from the settling tanks is raised by a pump into a wrought-iron 
tank (E, Fig. 1) supported on strong wooden framework. It 
then flows continuously by a tap (not shown) into a funnel pipe, 
E, which conveys it to the lower part of the cylinder B. In 
this cyUnder it rises gradually, acquiring heat from contact with 
the coils through which the current of vapour from the still 
passes, and then flows by the pipe F into the distillation 
column between the 18 th and 19 th plates. In the column it 
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A, Cast-iron column, I'S ni. in diameter. 

B, Cast-iron cooler with back-flow pipes. 

C, End of tbe condensing coil. 

D, Leaden vessel for receiving tlie saturated 

solution of ammonium carbonate. 

E, Pipe for the introduction of the eau unnn*!. 

F, Feed-pipe fox the column. 

G, Conical part of the cooling cylinder for the 

reception of mud. 



— Apparatus of Mai^eritte and Sourdeval. 



R, Reservoir of eau eanne. 

S, Syphon for escape of eihausted 

liquor. 
V, Steam inlet, 
o, Pipe conveying the vapour to thf 

b, b, b. Back-flow cups. 

ft, Escape pipe leading to acid vat. 
', /, 1^, Back.flow pipes leading to column. 
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desceads from plate to plate, and escapes through the syphon 
pipe S in a completely exhausted state. 

Coapt suivanl AB. 



Cfoape suivant CJ), 



Ihn. 



Fig. 2.— Details of constructiou of the column A of Fig. 1. 

E, B, Plates of the diatinationcolumu. bubble through tlie liquid on 

F, F, Short pipes through which the the plates. 

vapour rises. H, H, Down-flow pipes which limit the 

G, G, Cups which force the Tajioura to depth of liquid on the plate. 

K, Pipe foreutry of eau nai""- 

The steam, arriving from a boiler,^ enters the column at V, and 
' A £>0-hotae jKiwer boiler is required. 
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keeps the liquor on all the plates ia ebullition. The carbonate 
and sulphide of ammonium carried off by the steam, pass by the 
pipe a into the cooler B. 

This cooler is constructed in four distinct parts, which are 
so arranged that the liquid condensed in the three upper portions 
is returned to the column, and that from the fourth is collected 
in D. This is a saturated solution of ammonium carbonate mixed 
with sulphide. 

The uncondensed vapour escapes from the vessel D by a 
wide pipe, which conveys it into sulphuric acid of 53° (chamber 
acid), contained in a lead-lined wooden vat, with a cover, where 
the ammonia is retained in the state of sulphate. The cups 
&, &, &, and the pipes r, r\ r" ^ allow the return to the column 
of the liquids condensed in the three upper divisions of the 
cooler, at such points that the returned liquids mix with products 
of approximately the same richness, so as to introduce no irregu- 
larity into the methodical extr^,ction. The liquid collected in the 
vessel D shows a density of 16° Beaum^; it serves, as we shall 
see later, for the preparation of ammonium chloride, or of ammonia. 
It is drawn off into carboys by a caoutchouc pipe closed with 
a clamp. 

The gases evolved during the absorption of the vapours by 
sulphuric acid were formerly conveyed by a wide wrought-iron 
pipe to the ashpits of the boiler fires, to diminish as far as possible 
the escape of noxious vapours; but the large proportion of car- 
bonic acid and water vapour mixed with the offensive products 
prevented the complete combustion of the latter, and a very 
imperfect result was obtained. For some time the complete 
destruction of these offensive vapours has been successfully carried, 
out by cooling them to remove water vapour, and driving them 
by a fan through a small cupola furnace fed with coke or cinders. 
The gases then escape from the cupola with no odour except 
one of sulphurous acid, and a great improvement from a hygienic 
point of view has thus been effected. 

After working for several days, the muddy deposits which 
have collected in the conical part (G) of the cooler (B) are drawn 
out into waggons. 

By the saturation of sulphuric acid of 53° there is obtained 
a solution of ammonium sulphate showing about 25°, which must 
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be evaporated. This evaporation is performed in tanks by means 
of coils of thick lead pipe heated by steam. The salt is fished 
out as fast as it separates, thrown upon drainers, and dried on 
cast-iron plates heated by the waste heat of the steam boilers. 
The sulphate thus obtained is white and fine: it contains 20 to 21 
per cent, of nitrogen. The exhausted liquors which issue from 
the column are boiling hot. They are conveyed through gutters 
covered with cast-iron plates, on which the sludge from the settling 
tanks is dried. They thus lose most of their heat before being 
allowed to enter the drains. The vapours from the drying of 
the sludge, consisting of water vapour and offensive gases, are 
drawn into a chimney placed at the end of the chambers, formed 
by covering the substances undergoing desiccation with loose wooden 
planking. In spite of these precautions, the offensive exhalations 
are far from being destroyed; the greater part escape from the 
chimney, and are distributed in different directions, according to 
the prevailing wind. It is mainly to these evaporations that 
most of the complaints which have occurred since the opening 
of the Nanterre works are to be attributed, and which have 
been the cause of the works being closed. An apparatus such 
as we have described, costing 30,000 francs, will treat 100 cm. 
of ammoniacal liquor per twenty - four hours, and yield the 
equivalent of 9 to 1 kilos, of ammonium sulphate per cubic metre. 
The water from such an apparatus still contains, however, all 
the fixed salts of ammonia, representing 3 to 4 kilos, of ammonium 
sulphate per cm. Many of these apparatus are at work round Paris, 
in the works of the Lesage Company,^ and of the Urbaine Company, 
The Parisian Company de Vidanges et Engrais had put up ten of 
them in their works at Nanterre, which are now not employed. 

3. The Lair Apparatus. — With the apparatus which we have 
just described, the ammonia existing in the fixed state in the eaux 
vanneSy especially that in the form of phosphate, sulphate, and 
hydrochloride, is not extracted ; there is obtained only the carbonate 
and sulphide which are carried over by the water vapour. The 
sulphate and hydrochloride result chiefly from the addition of 
metallic salts to the contents of the fosses, in order to disinfect 

^ The Lesage Company treats 1300 to 1400 m. of sewage daily : 250 at Billancourt, 
400 at Alfort, 600 at Aubervilliers, and the remainder at small establishments at Drancy 
and Nanterre. 
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them before emptying. This causes the loss of a notable quantity 
of ammonia, which it would be* important to extract. Another 
defect in these appliances is that they discharge the exhausted 
liquors boiling hot, and recover only a very small part of their 
heat ; these liquors, which are black and turbid, have to be passed 
through long channels or into tanks to allow them to deposit their 
suspended matters before letting them run away. Lastly, with the 
earlier forms, only weak solutions of ammonium sulphate are ob- 
tained, which it is necessary to evaporate to obtain the crystallised 
salt, an operation involving much expenditure of fuel. M. Lair has 
endeavoured to solve the diflBcult problem of extracting the whole 
of the ammonia from the eaitx Dannes, of running away the residual 
water clear and cold, and of obtaining at once in the neutraUsation 
vats crystallised ammonium sulphate, which can be fished, drained, 
and dried immediately. 

The arrangement which he has devised, and which was first set 
up at Bondy, is extremely ingenious, and has given excellent results. 
Although in practice it has shown some imperfections, it is still one 
of the best appliances at the present day for the treatment of clear 
eatuv vannes. 

Lair's apparatus, shown in Figs. 3 and 4, consists essentially of 
four distinct parts — 

1. A distilling column of cast iron, A, 0*9 m. in diameter, and 
5*5 m. high. 

2. Two mud tanks, B, B, in which the turbid boiling liquor from 
A is clarified before passing through the heaters. 

3. Two exchange heaters, C, C, for transferring heat iProm the 
exhausted liquor to fresh eau vanne. 

4. Two wooden vats lined with lead (K, K, Fig. 3), for the 
absorption of the ammoniacal vapours from the column. 

The column consists of twenty-five similar plates, each furnished 
with a single shallow inverted cup of cast iron, with notched edges. 
It is heated by steam, brought from a boiler by the pipe V, 20 
mm. (f in.) in diameter, and with an adjusting stop-cock. 

A pump, P, driven by gearing, lifts the eau vanne from the 
settling tanks and passes it continuously through the heaters C, C, 
into the column A, by the pipe e (Figs. 3 and 4). This liquor, 
heated by passing through C, C, enters at the twentieth plate, then 
descends gradually from plate to plate in the column, parting with 
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FlQ. 3. — Plan and Elevation of Lair's Apparatua 
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most of its volatile ammoniacal salts. By a pump driveu by 
the same gearing as F, a quantity of milk of lime is injected 



L, Giiat'ilon column, consisting of 

plates, each carrying a, single in- 

vertad cup. 
(, Pipe conveying tlie exhausted hot 

liquor to the mad tanks, B, B. 
1, Mud tanks. 
:, Excliauge heaters, 
c, Pipe conveying the eav, vanne to 

the exchange heaters. 
I, Pipe for injectiug milk of lime into 

the coluiun. 
!, Pipe conveying the hot liquor to 

the column. 
', Pipes for the escape of unooudons- 

able eases. 



K, K. 

'., Wooden acid rata with lead linings. 

I, Sulphate of ammonia drainers. 

I, Churn for making milk of lime. 

', Pump which lifts the eau vanne 
from the settling tanks, and con- 
veys it to the exchange heaters 
C, C, by the pipe e. 

>, Exit pipe for the exhausted, clear, 
and cold liquor. 

, Steam pipe for heating the column 
and the caaing of the tube h. 



through the pipe d into the column at a situation where the only 
ammonium salts left are the fixed sulphate, phosphate, and chloride, 
which would remain in the residuary liquors, and some ammonium 



AMMONIACAL PRODUCTS FROM SEWAGE 23 

sulphide, which, although less volatile than the carbonate, would be 
carried off, and would yield sulphuretted hydrogen, and even 
deposit sulphur in the acid vats. At the foot of the column the 
exhausted boiling liquor, rendered turbid by the lime and the 
insoluble lime salts in suspension, is conveyed by the pipe a first 
into the two mud tanks, B and B, where it clarifies in consequence 
of its slow rate of flow through these vessels, the diameter of which 
is 1*8 m., and height 2 m. The liquor reaches the first vessel, 
B, through a wide cyhndrical tube reaching nearly to the bottom of 
the tank, as shown in Fig. 4 ; it then rises slowly, and flows over 
by a side pipe into the similar tube of the second vat. From 
the last it finally issues quite clear, and passes in succession 
through the heaters C and C. These heaters are fitted with 
vertical tubes, round which the hot exhausted liquors are made to 
circulate, whilst fresh cold liquor injected by the pump P, passes 
through the tubes in an opposite direction. On leaving the two 
heaters by S, the exhausted liquors are delivered clear and cold, 
and can be allowed to run away without inconvenience. By 
passing through the two heaters the fresh liquors are brought up to 
about 90 to 95°; they then enter the column at the twentieth plate, 
as was said above. 

The matters in suspension in the liquors which issue from the 
column accumulate gradually in the mud tanks, and would in time 
fill them completely. Their level is ascertained from time to time 
by gauge-cocks, and they are removed as required into wrought-iron 
waggons through stop-cock pipes in the bottoms of the vats. An 
inverted cup of cast-iron, with serrated edge, placed over the open- 
ing, prevents the pipe from getting choked. After the cleaning 
out of a mud tank the course of the liquors from the column is 
changed, so that it becomes the last through which they pass. 
During the first heating of the eau vanne foul gases are evolved, 
which are allowed to escape by the pipes f,f (Fig. 4). The vapours 
which escape from the column consist of steam, ammonium car- 
bonate, free ammonia, and fetid, uncondensable gases. This mixture 
is passed into the sulphuric acid contained in one of the lead lined 
vats, where the ammonia is retained as sulphate, whilst the carbonic 
acid and the uncondensable gases escape. The pipe A, which 
carries these vapours to the vats, contains a steam tube, which 
prevents any obstruction from being caused by a deposit of 
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ammonium carbonate. The water, saturated with ammonium car- 
bonate, which is condensed in the pipe by the cooling action of 
the air, escapes into a receiver through a small tap not shown 
in the figure, and is returned to the apparatus. The sulphuric acid 
in the vat gradually becomes neutralised, and ammonium sulphate 
soon separates in small crystals. When neutralisation is complete 
the vapours are turned into the second vat, whilst the contents 
of the first cool and deposit a fresh quantity of the salt. The 
mixture is stirred from time to time to cause the formation of small 
crystals, and the salt is then removed to leaden drainers above the 
vats; it is finally dried on plates of wrought iron placed over the 
flues of the steam boiler. The mother liquor of the salt is mixed 
with a fresh quantity of sulphuric acid, and in its turn receives the 
gases from the column. 

The milk of lime requires to be prepared with some care; it 
must be free from stones, which would choke the pipes, and should 
have as uniform a composition as possible. To obtain this result, a 
weighed quantity of good lime is slaked, sifted to separate stones, 
and mixed with a known amount of water in the churn M, the 
paddles of which keep the mixture stirred. It thus becomes easy 
to introduce an exact quantity of lime into the column by means of 
a pump throwing a known volume. M. Lair's apparatus will treat 
about 5 cm. of eaii vanne every twenty - four hours, extracting 
the ammonia of the fixed salts, and running ofif the exhausted 
liquors cool and clear. 

The black sediment from the mud tanks is thrown into heaps, 
where it drains and dries readily, losing its colour by oxidation ; 
it gives ofif no smell, and as it consists essentially of lime salts, and 
contains a small amount of fertilising agents, especially calcium 
phosphate, it is used as manure on the neighbouring fields. 

On the occasion of a visit some years ago to the works of M. 
Lair at Bondy, there were four sets of the above apparatus in exist- 
ence, capable of treating 200 cm. of eau vanne per twenty- 
four hours. The liquors which were under treatment at that time 
contained only 2*5 grms. of ammoniacal nitrogen per litre; they 
yielded 11*4 kilos, of ammonium sulphate per cubic metre, and re- 
quired the combustion of 1*8 kilo, of coal per kilo, of sulphate obtained. 
The liquors which were run ofif contained only 0*06 to 0*1 grm. of 
nitrogen per litre. Even with these unfavourable conditions, 
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crystallised ammonium sulphate was obtained directly in the 
saturation vats, a result due to the slow speed of the operation, 
and to the presence of free ammonia in the mixture, which, being 
itself very volatile, assists in carrying off the ammonium carbonate. 

This apparatus presents several important improvements on the 
preceding, both from the point of view of public health and that of 
the manufacture of ammonium sulphate. An objection to it is, 
however, that it treats a comparatively small quantity of the eau 
vanne, and that the column requires frequent cleaning to remove 
the deposits produced by the lime. 

4. The Apparattts of Sintier and MuM, — MM. Sintier and Muhe 
have made valuable modifications in certain portions of the preced- 
ing apparatus. These modifications produce no change in the course 
of the operations, but allow a more perfect result to be obtained. 
They consist essentially in the combination of the mud tank and 
the exchange heater into one vessel, and in a different method of 
using the lime intended for setting free the ammonia of the fixed 
salts. In Lair's apparatus the mud tank and the heater are dis- 
tinct, a consequence of which is that the liquors from the column 
are much cooled by the surrounding air before they arrive at the 
heater ; and further, the mud carries away heat which cannot be 
recovered. The combined mud tank and heater of Sintier and 
Muh^ is intended to remedy these two defects. It consists of 
two tubular vessels (A and B, Fig. 5). The first. A, which is a 
heater resembling that of Lair, consists of a wrought-iron cylinder 
containing a group of tubes which connect the upper and lower 
parts. The second, B, consists of four portions — (1) The lower 
chamber under the plate, which carries the tubes ; (2) a cyUndrical 
vessel of wrought iron, supporting a cone, 6, the apex of which is 
connected with a bent tube ending outside in a stop-cock, s, for 
drawing off the deposit ; (3) a second cylindrical vessel resting on 
the base of the cone, and open above for the removal of the mud 
which collects round the tubes ; (4) a small upper receiver, con- 
nected with the lower chamber by a group of 25 to 30 tubes. 
This receiver is fixed above the cylinder B, so as not to be in the 
way when cleaning the tubes. The eaux vannes delivered by the 
pump P pass through the tubes of the heater A, issue by the pipe 
/, and rise in the tubes of the vessel B, passing finally by the 
pipe C into the column. During this transit they acquire heat 
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Fia. 5.— Apparatus of Sintier and Muhe. 



L, B, Heaters. 
6, Mud cone. 
3, Tube by which the hot eaux iiiimej 

enter the column. 
D, Column. 
i. Lime chamber. 
, e, Syphon for conveying the liquors to 

the mud tank by the cylinder ji. 
', Entrance to the cylinder^ of the mud 

tank. 
/, Pi|« which conveys the liquor from 

A toB. 



K, Eiit for cold exhausted liquors. 
/, Pipe for injecting milk of lime. 
H, Pipe conveying tlie vapours from the 
column to the acid vat. 

P, Pomp for enit iianne. 

y, Pump for lime. 
N, Acid vat. 

s, Exit for mud. 

V, Entrance of steam to column. 
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from the exhausted liquors which travel in the opposite direction. 
These latter descend by the syphon-pipe e, e, enter the cylinder 'p 
at /'j flow over the cone &, enter the heater A at A, and escape by 
the pipe K completely cooled. The level at which the exhausted 
liquors stand in the heater B, is such that the cylindrical portion 
d! is always about four-fifths full. The quantity of liquid contained 
in this portion is equal to that on the plates. We have seen above 
that the introduction of lime into the column produces numerous 
obstructions, necessitating frequent cleaning. 

MM. Sintier and Muh6 have completely remedied this incon- 
venience by greatly augmenting the capacity of the first chamber 
(d) of the column, into which the steam is admitted by the stop- 
cock V, and it is into this portion of the apparatus that the lime 
is injected by the pump p, which draws it from the mixer 0. The 
lime is intimately mixed with the liquor by a stirrer, which is 
shown in dotted lines. The fixed ammoniacal salts are thus de- 
composed without fear of choking the apparatus. The vapours from 
the column are passed into sulphuric acid in the lead-lined vat. 

5. Bilange's Apparattts. — As stated in Chap. II. § 1, M. Bilange 
has sought to solve the double problem of producing a manure of 
immediate utility to agriculture, and of not allowing the escape, 
either into the air or the waste liquors, of any but inodorous and 
imputrescible substances. We have described the first part of 
his process, that is to say, the separation of the crude eaux vannes 
and the production of filter-press cakes; it remains to describe 
the process of distilling the clear liquor for the extraction of 
the ammonia. 

The distillation is performed at reduced pressure, so as to lower 
the boiling point of the liquid considerably, and thus diminish the 
efliuvium which would still result from the treatment of these 
clarified liquors. The arrangement adopted strongly resembles that 
in use in sugar works for concentrating the juice. It consists of 
four vertical tubular drums, closed air-tight, and heated by steam 
from a boiler. In these vessels the ammoniacal liquors are raised 
to a temperature of only 60 to 65°, which is sufficient to cause 
them to part with the ammonia they contain, in consequence of 
diminished pressure, which is produced by a pump working during 
the whole operation. The ammoniacal vapours given off from the 
heaters pass into a closed chest connected with the air-pump. In 
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.this lead-lined chest the mother liquors of a previous operation 
are placed, and from time to time sulphuric acid is admitted. 
Samples of the liquor drawn from the chest show when the addi- 
tion of more acid is needed. Only small quantities can be intro- 
duced at one time, lest the action should be too violent. The 
ammoniacal vapours, before reaching the sulphuric acid, are passed 
through a weak solution of ammonium sulphate in an intermediate 
vessel. This scrubber, which acts as a safety vessel, can, in case 
of repairs being needed, take the place of the neutralising vessel. 
When it is judged that sufl&cient salt has been formed, the addi- 
tion of sulphuric acid is discontinued and the solution of sulphate 
is evaporated, steam being introduced into a coil lying on the 
bottom of the vessel, and connection being made with the vacuum 
chamber. Evaporation takes place very rapidly, and must not be 
pushed too far, lest the whole mass should solidify and need to be 
redissolved. When the liquor is sufficiently concentrated, it is 
allowed to run out into a crystalliser placed below. For this pur- 
pose the supply of steam to the coil is shut off, communication 
with the vacuum apparatus is closed, and air is allowed to enter ; 
the hot liquor is then allowed to run out, and it crystallises on 
cooling. The salt is fished out as it crystallises, and is drained 
and dried. It is evident that this process avoids the production 
of the noxious vapours which result from the use of distillation 
columns, and which it has not been found possible to prevent on 
the large scale. In our opinion, the only objection to this process 
is that it requires a very costly plant, which must wear out very 
quickly. Nevertheless, a somewhat long experience at Bondy has 
proved the efficiency of this process, which satisfies public hygiene, 
and would prevent the accumulation of pasty matters. 

6. The Kuentz Process. — M. Kuentz has suggested a special 
method of treatment of the eaux vannes to avoid the escape of 
noxious products, which of late years, and especially in Paris, has 
given rise to so many complaints. The vapours from the distilla- 
tion columns are usually, as we have seen, passed into sulphuric 
acid of 53°, in which the ammonia is converted into sulphate, 
whilst the carbonic and hydrosulphuric acids, with the vapour of 
water and the offensive gases which accompany them, are sent into 
the chinmey of the works, or better through a furnace. Under 
these conditions the offensive gases are diluted with a large volume 
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of carbonic acid arising from the decomposition of the ammonium 
carbonate, which prevents the complete destruction of these gases 
by heat and oxygen. After cooling, the gaseous mixture dififuses 
through the air, and the effluvia, wafted by the wind, reach the 
earth at a greater or less distance from the works. 

To destroy these vapours, Kuentz has proposed to absorb the 
carbonic and sulphydric acids by . lime, which would render the 
destruction of the odorous vapours, by passing them through a special 
coke furnace, easy and complete. It was pointed out by M. Girard 
that these vapours might be destroyed by passing them over glow- 
ing coke. But these fumes, in the condition in which they issue 
from the apparatus, being rich in carbonic acid, are incombustible, 
and are only destroyed with difficulty. Kuentz's process, whilst 
solving the problem completely, requires a large amount of lime. 
Kuentz has therefore proposed, as a means of rendering the opera- 
tions more easy and complete, to acidify the vapours in closed 
vessels, and by double decomposition to retain most, if not all, of 
the carbonic acid; the uncondensable gases can then be passed 
through a furnace and completely destroyed. The following is 
the process for obtaining the ammonium sulphate : — Phosphate of 
lime is treated with dilute sulphuric acid to set free all the phos- 
phoric acid ; the phosphoric acid obtained is neutralised by strong 
ammoniacal liquors, prepared as we shall see further on. Ammonium 
phosphate is thus obtained, which is evaporated. The calcium 
sulphate, obtained in the treatment of the phosphate of Ume by 
sulphuric acid, being treated with concentrated ammoniacal liquors, 
or by the gases from the column, yields ammonium sulphate, which 
remains in solution, and calcium carbonate, which precipitates or is 
separated by filtration. Operating thus, there is no disengagement 
of carbonic acid ; the neutralisation and evaporation of the liquors 
takes place in closed vessels, and the uncondensable gases which 
issue from the apparatus are passed through scrubbers containing 
lime and oxide of iron, and then through a special furnace, where 
they are destroyed. This process is somewhat long, but is very 
reasonable. 

7. Process and Apparatus of Hennehutte and Vaur4al.^^Th\^ 
process is worked by the Soci^te anonyme des produits chimi- 
que du Sud-Ouest. It consists in treating the entire sewage 
with 2 to 3 thousandths of zinc sulphate and 5 thousandths 
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of aluminium sulphate, then allowing the mixture to settle, and 
running off the clear liquor, which is sent to the ammonia 
stills. The deposit is treated with a further quantity of the same 
chemicals, then forced into filter presses by compressed air. In 
this way very firm filter-press cakes are obtained, which are easily 
dried by simple exposure to air or in stoves, and clear filtrates, 
which are added to the former. By the use of the sulphates of 
zinc and alumina the liquors are desulphurised, and the alumina 
precipitate assists the separation of the solids. The dried cakes 
contain 3 to 4 per cent, of nitrogen and 3 per cent, of phosphoric 
acid. The apparatus devised by Hennebutte and Vaureal is shown 
in Fig. 6 ; it consists of three rectangular boilers. A, B, C, of cast 
iron, forming one chamber, and arranged so as to give a continuous 
fall. The boilers B and C contain vertical partitions h and c, which 
are fixed 0*1 m. from the bottom, so as to force the vapours 
from the lower boilers A and B to bubble through the contents of B 
and C, and keep them agitated. At the upper part of the apparatus 
there is a rectangular vat D, containing a condenser formed by an 
oval wrought-iron tube E, connected with the boiler C by a wide tube e. 
The pipe F, which is the outlet of this condenser, carries a valve /, 
which allows a partial vacuum to be maintained in the apparatus. 
This pipe is connected with a chest G, for the reception of the 
condensed liquids, or to pass them at pleasure into another chest H, 
which is heated by the boiler A, the top of which forms the bottom 
of H ; a pipe with stop-cock allows H to be emptied into B. Lastly, 
the pipes g and h allow the ammoniacal gases to pass into a sul- 
phuric acid vat, where they are retained as sulphate. The wrought- 
iron tank K is intended to receive the exhausted liquors issuing 
from the last boiler, and the tank L, which is fed with the hot 
liquors run oflf, contains a series of iron pipes through which the 
fresh eau vanne circulates, and where it becomes heated before 
entering the measuring vat M, and then the boiler C. The 
apparatus works in the following manner : — The crude eau vanne^ 
arriving from an upper reservoir, fills the chamber D of the con- 
denser ; it then runs down by the pipe d into the system of tubes 
in the tank L containing the hot exhausted liquors, and becomes 
heated to about 80°. It then rises by the pipe m into the measur- 
ing vat M, which is connected by a wide stop-cock with the boiler 
C. Thence it passes into that boiler, where it reaches about 90*". 
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lu this boiler it parts ^itb most of its volatile ammonia, which is 
driven off by the current of mixed vapours arriving from the 
other boilers. The ammoniacal vapours pass into the condenser, 
where they are cooled, and by thus diminishing in volume produce 
a partial vacuum in the apparatus, which permits the liquid in the 
boiler C to boil at 90°. When the liquid in the lower boiler A is 



Fio. 3. — Apparatus of Henoebutte and Vaur^t. 



A, B, C, Rectangular wrought-iron boilers. 

D, Wronght-iron tank which receives the 

crude niu vwaai employed to cool 
the condenser E. 
d. Pipe which convajs the eav, vawax to 
the beater L. 

E, Oval wrought-iron pipe, which serves 



e, Pipe hy which the vapours reach the 
condenser. 

F, Exit (or the amniooiacal vapours and 

the iiODcentntt«il solulions produced 
in the condenser E. 
/, Vslve. 

G, Eeceiver for the concentrated solu- 



H, Cbest for the distillation of the 

concentrated solutions. 
g, k, Exit for the ammoniacal vajnurs 

to the acid vat. 
K, Vat for the reception of the turbid 

exhausted liquors. 
L, Heater. 
M, Measuring vat. 
m, Pipe by which the eau noiuw reaches 

the measure. 
N, Plug for introducing milk of lime. 
0, Scrapec for cleaning the bottom of 

the boiler A. 
3, I, li, Stop.cocks for emptying the 

boilers C, B, A, 
V, Steam-oook. 



exhausted, it is run into the settling tank K, that from B takes 
its place in A, the liquid from passes into B, and C receives a 
chaise of fresh eaii, vanne. Slaked lime is introduced into A by 
a plug-hole N, which serves at the same time as a safety-valve. 
The proportion of lime added should be sufficient to decompose all 
the fixed salts existing naturally in the eav, vanne or resulting from 
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the sulphates of zinc and alumina introduced. When the boilers 
are thus filled, a new operation is commenced. The apparatus is 
heated by a steam jet introduced into A. The vapours from that 
boiler pass successively through the liquids contained in the two 
others, which thus become methodically deprived of their ammonia. 
The liquids condensed in the cooler are very rich in ammonia and 
ammonium carbonate ; they are collected in the vessel G, then flow 
into H, whilst the ammoniacal vapours pass by the pipe g to 
the acid vat. The concentrated solution in H becomes heated by 
its contact with A, and gives up the greater part of its ammonia, 
which passes off by the pipe h to condense in the sulphuric acid. 
An apparatus of this kind has been fitted up at Villejuif , near Paris. 
Another is at work at Fribourg en Brisgau (Baden), and treats 25 
cm. of eau vanne per twenty-four hours, producing crystallised 
ammonium sulphate in the neutralising vat. 

§ 3. Treatment of Entire Sewage. 

1. Chevalefs Apparahis, — The preceding apparatus will treat 
only nearly clear eau vanne, Chevalet has devised an apparatus which 
permits the treatm.ent of turbid liquors or even of whole sewage, 
without consuming more lime than is required by the fixed salts. 
This apparatus, shown in Fig. 7, consists of three cylindrical 
wrought-iron boilers. A, B, C, one above the other, through which 
the material to be extracted is passed in succession. Each of these 
boilers contain pipes 6, 6, which cause the gases from C to bubble 
through the liquors ; and overflow pipes p, p, which maintain the 
level constant in the two upper boilers, and cause a continuous flow 
of the liquors into the lower one. The steam from a boiler intro- 
duced by the pipe V heats the liquor in C to boiling : the mixed 
vapours pass into B through the branched pipes &, becoming richer 
in ammonia, and finally reach the boiler A. These enriched vapours 
are then sent to the tank D, containing fresh liquor, which they 
heat whilst undergoing partial condensation. They then pass by 
the pipe E into sulphuric acid, where the ammonia is retained as 
sulphate, whilst the water vapour, carbonic acid, and noxious un- 
condensable gases are collected by the bell F. These products are 
then sent through the coil G, cooled by fresh liquor, where most 
of the water vapour condenses. The condensed liquid runs out by 
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the pipe g, whilst the gaaes ate delivered by L below the bars of 
a furnace to be destroyed. Into the third boiler C a pump throws 
a quantity of milk of lime equal to about 6 to 7 kilos, of lime 
per cubic metre of eaw vanne, which quantity is required to decom- 
pose the fixed salts. The ammonium sulphate solution is coneen- 



Fio. 7.— Chevalet'a Apparatus. 



A, B, C, Wrought-iron boilers, cased with 
wood to prevent external cooling. 

D, Wrought- ironvat con tainingeaui'anitf, 

through which passes the coil O. 

E, Pipe leading the amnioniacal va,]HiiirB 

to the sulphuric acid vat. 

F, Bell for collecting the uncondensabte 

G, Condensing coil. 

g. Exit pipe for the liquids condensed 



H, Entry for the ean vantie. 

K, K,' K," Valves for emptying the 

three boilers. 
n, n, n, Water-level gauges. 
p, p, Overflow pipes to regulate the 

level of the liquors in A and B. 
L, Pipe conveying the un condensed 

gases to a furnace. 
M, Sl«am coil for concentrating the 
sulphate. 



trated by a steam coil, the salt fished out, and drained on incliued 
plates, Once an hour the exhausted contents of the boiler C are 
drawn off by the valve K, those in B are drawn down by K' into 
C, and those of A by K" into B, and the upper boiler is then filled 
from D by opening the stop-cock H, which permits fresh liquor from 
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the overhead reservoir to rise into D. In this way the liquids 
which have been freed from their volatile salts are treated with 
lime to decompose the fixed salts, and are only run off after pro- 
longed boiling, which exhausts them as completely as possible. 
The boiling residual liquors are then passed into a vessel, where 
they give up much of their heat to fresh liquors. 

When very turbid eavx vannes, or entire sewage, is treated, 
the residuary liquors are passed through channels in which they 
deposit their suspended solids. Or, more simply, they may be 
passed through filter presses, yielding cakes, which when dry 
contain 5 to 6 per cent, of phosphoric acid, and 2 to 3 per cent, 
of nitrogen. Filtration is easy, the lime having modified the 
albuminous matters, and the drying of the cakes is very rapid. 
The filtrates are yellowish ; they contain only salts of potash 
and soda, and a very small quantity of ammoniacal nitrogen, 
varying from 3 to 5 ten- thousandths. They may be allowed to 
enter the watercourses without inconvenience. A Chevalet appar- 
atus, with boilers 0*8 m. in diameter and 0*8 m. high, will treat 
4000 litres of eau vanne per twenty-four hours. 

Large installations on this system have five or six superposed 
boilers, in some cases 3 m. in diameter and 0*75 m. high. The 
upper chamber serves for breaking the froth, and warms the 
liquor before it enters the first boiler. 

Fig. 8 shows the arrangement of one of these large 
installations. 

The eau vanne is raised into the tank A. It flows down 
into a heater B, immersed in boiling exhausted liquor; it then 
rises into the vat C, and passes by the pipe c into the froth 
chamber D, where it meets the vapours rising from the last 
boiler E. It then descends successively and intermittently through 
the boilers F, G, H, I, and J, undergoing methodical exhaustion. 
In the lowest of these it receives the charge of lime necessary 
for the decomposition of the fixed salts ; it flows after exhaustion 
into the cistern K, from which it passes either through settling 
channels or into a filter press to separate the solid matter. The 
vapours from the top boiler are enriched in the heater D, and 
enter the acid vat under the bell L. The vapours which escape 
absorption rise through the coil M, where the water vapour is 
Qondensed, whilst the gases pass to a furnace. 



FlQ. 8. — InaUIltttion of a larga Chavalet Apparatus. 

A, Reservoir of eau varme. E, F, G, H, I, J, Boilers. 

U. Hester. E, Tank for reception of exhausted liquors. 

C, Worm tank. I L, Bell for collecting unaUsorbed gaaes. 

e. Pipe delivering the eau vanne to the M, Coil for cooling flie vapoura which are 

column. not stopped by the acid. 

D, Heater and froth separator. I N, Pump for milk of lime. 
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According to M. Chevalet, an apparatus on his system, which 
will treat 50 to 100 cm. of eau vanne per day, will consume 
25 to 30 kilos, of coal and 4 to 6 kilos, of lime per cubic metre 
treated, and 90 to 95 per cent, of the ammonia will be extracted. 
With smaller apparatus, treating 10 or 12 cm. in twenty-four 
hours, the consumption of fuel will be 35 to 40 kilos., and the 
same proportion of lime. 

Apparatus on this system, treating whole sewage, is at work 
in a large number of towns, such as Dijon, Havre, Lyons, Nice, 
Nanterre, Reims, and St. Quentin. 

The Chevalet apparatus is equally applicable to the treatment 
of ammoniacal gas liquor. 

2. Paul Mallet's Apparatus. — M. Paul Mallet in 1881 set up 
at the works of the Bordeaux Society de Vidanges et Engrais, 
at La Tresne, near Bordeaux, an apparatus for treating turbid 
eavx vannes or entire sewage, with the object of manufacturing 
ammonium sulphate. 

The special feature of this apparatus is the constant mechanical 
agitation of the materials with lime during their passage through 
the column, after the removal of the volatile salts. Fig. 9 repre- 
sents this ingenious apparatus, partly in elevation, partly in section. 
It consists essentially of five principal parts — 

1. A tubular heater A. 

3. A tubular analyser B. 

3. A column C, built of cast-iron, 1*4 m. in diameter, on 
the Champonnois system, the upper part of which acts as an 
analyser, and as a dephlegmater beyond the point where the 
materials are introduced by the pipe c. This column is supported 
on a base plate D, with large openings, which rests on the mixing 
column E. 

4. A column, 2 m. in diameter, constructed of plates, on each 
of which revolves a mechanical stirrer, keyed to a vertical axle e, 
driven by a pair of toothed wheels. 

5. A double-bottomed mud tank F, on the Antony system, 
for running ofiF the exhausted liquors. The muddy deposits are 
emptied into the waggons W, whilst the clarified boiling liquors 
pass into the heater A, and are drawn ofif by the pipe s after 
complete cooling. 

The whole apparatus works as follows : — The sewage is lifted 
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by pumps through the pipe a into the heater A, where it passes 
through the tubes, cooling the exhausted liquors which travel 
in the opposite direction before issuing by the pipe s. It then 
rises through the 4-inch pipe h into the analyser B, where it 
is still further heated by circulating round the tubes of the 
rectifier C. Issuing then from the analyser by the syphon c, 
it enters the column C at the tenth chamber, and descends 
regularly to the bottom, where it is delivered by the pipe d to 
the column E, furnished with the stirrers. During this passage 
the volatile salts of ammonia are carried off by the current of 
steam rising from the lower column E by the pipe L. The 
vapours pass through the rectifier C, where they are enriched 
with ammoniacal products, and then through the analyser, where 
they part with most of their water, and from which they pass 
by the pipe T to the sulphuric acid vat. The uncondensed gases 
are as usual sent to a furnace to be burnt. Before entering 
the column E by the pipe d, the materials which have lost their 
volatile ammoniacal salts are mixed with milk of lime, pumped 
in through the pipe K, to decompose the fixed salts; the pro- 
portion used being 8 kilos, of lime per cubic metre. This mixture 
descends from plate to plate as in an ordinary column, but is 
kept in a state of constant agitation by stirrers, working below 
the inverted cups, and driven by the shaft e. Lastly, the 
exhausted products, mixed with lime and lime salts, issue from 
the column E by the syphon m, and pass into the mud tank 
F through a wide descending cylinder. The solid matters settle 
rapidly, in consequence of the comparative quiescence of the 
mixture in the mud tank, which is 2 m. in diameter, and owing 
further to the coagulation of the albuminoid matters by the lime. 
The clear supernatant liquid flows over to the exchange heater 
A, where it gives up its heat to fresh sewage, and whence it 
issues, cooled and clear, by the pipe s. The sediments are removed 
from time to time by opening the valves in the double bottom. 
They may be put through filter presses to obtain cakes which 
can be easily dried, and clear filtrate, which is run away. The 
heating of the whole apparatus is performed by direct introduction 
of steam from a boiler by the pipe V, IJ ins. in diameter, 
which enters at the bottom of E. 

This apparatus will treat 65 cm. in twenty - four hours. 
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It does not .require frequent cleaning, and exhausts the materials 
very completely. 

The cleansing of the connections of the lime chambers is 
facilitated by the use of projecting pipes, with 4-way connectors, 
which can be cleaned by the simple removal of the caps. 

Several sets of apparatus on this system have been working 
for some years, and have given excellent results. 

3. The Leticauchez Apparatus, — This apparatus is intended to 
work at a pressure much lower than that of the atmosphere, and 
to yield either ammonium sulphate or chloride, or even liquid 
ammonia. 

The sewage is prepared as described in Chap. II. § 1, according 
to LcHcauchez' process. The apparatus consists essentially of two 
distinct parts : one in which the eaux vannes are exposed to the 
action of steam at a reduced pressure, to extract the dissolved 
gases and the volatile ammoniacal salts, which are then converted 
either into sulphate or chloride ; the other, in which these liquors 
are subsequently heated with lime, to decompose the fixed ammoni- 
acal salts, coagulate the albuminous matters, and facilitate their 
settling. We will briefly describe the various parts of this 
apparatus. 

The first part, called the barometric chamber (Fig. 10), con- 
sists of a wrought -iron cylinder A, 2*2 m. in diameter and 
3*4 m. high, fixed at the top of a vertical hollow cast-iron column 
B, about 10 m. high, ending below in a syphon c, for the escape 
of the exhausted liquors. This vessel is called the barometric 
chamber, because a somewhat considerable vacuum can be main- 
tained in it by air-pumps, which continually remove the gases 
and vapours given off by the eaux vannes. These gases are passed 
into another vessel, where the ammonia is neutralised by sulphuric 
acid, whilst the exhausted liquors can escape freely at the lower 
part of the liquid column, which is supported by the pressure 
of the atmosphere. This chamber is divided into three compart- 
ments, each of which contains a small turbine T, the three running 
on the same vertical axle, and driven by an external pulley p. 
These turbines scatter the eau vanne in the form of spray, to 
facilitate the escape of its volatile constituents. 

The eau vanne, arriving by the pipe a, flows into the first 
turbine, which throws it against the walls of the chamber. The 
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liquid collected on the first horizontal diaphragm flows into the 
second turbine, where a second sprajing takes place, and thence 
to the third. Finally, having parted with its gas and volatile 



Fic. 10.— Lencauchez' Apjiaratvis, The Bwometrie and Absorption Chambers, 



A, Barometric chamber. 
a, Eutry for the eait Eanite. 

B, Cast-iron cDliimn supporting A, and 

serving for the escape of the ex- 
liausted liquor. 

C, Syphon cup for the escape of the 

exhausted liquor. 
E, Entry for steam. 
F, G, Pipes conveying the vapours to one of 
the absorption vessels, and con- 
nected with the air-pumps. 

ammoniacal salts, it flows freely away down the column B into 
the cistern C. The waste steam from the engines of the works 
entering at E, raises the eau vanne to ebullition, and is itself in 



K, K', Absorption vessels. 

I, Pipe for iutroducing acid. 
M, M', Pipes carrying the vapours and 
uDcondensable gases to the air- 
pumps. 
T, T, T, Turbines for spraying the 

liquids. 
S, 3, S, Syphon cnps for drawing off tlio 
solutions of ammonium salts. 



AMMONIACAL PRODUCTS FROM SEWAGE 41 

great part condensed. Lastly, the partial vacuum is maintained 
constant in the apparatus by the action of three air-pumps 
communicating with the barometric chamber. As may be seen, the 
gases and volatile ammoniacal products are extracted from the 
liquors in this apparatus — 1st, by the rise of temperature produced 
by the waste steam of the engines ; 2nd, by the action of a partial 
vacuum ; 3rd, by the subdivision of the liquor into spray by the 
turbines. The vapours and gases issuing from the barometric 
chamber by the pipes F and G, pass through an absorption 
chamber constructed on the same principle as the preceding, but 
of smaller dimensions. As shown in the figure, two of these 
absorbers may be attached and worked alternately. 

Each of the absorbers consists of a large cylinder K, 1*75 m. 
in diameter, furnished with a series of horizontal shelves, over 
which the acid flows in thin sheets, whilst the gaseous current 
travels in the opposite direction on its way to the air-pumps. 
The quantity of acid sent into the absorber, and the time of its 
contact with the gases, are such that all the ammonia is absorbed, 
and the acid completely neutralised. The solution of ammonium 
sulphate thus obtained flows over from the syphon cup S into an 
evaporation tank. The tube M or M', according to the absorber 
which is at work, carries ofif the excess of steam with the carbonic 
and hydrosulphuric acids to the air-pumps, which deliver them 
into a cooled vessel, where the steam condenses, whilst the un- 
condensable gases are sent to a furnace. 

The condensed vapour, still containing a little ammonia, which 
has escaped absorption, is sent into the lime chamber to be treated 
with the eau vanne from the barometric chamber. 

The second part of the apparatus intended for the decom- 
position of the fixed salts is almost identical with that shown in 
Fig. 25, p. 83. It consists of a horizontal cylinder 3 m. in 
diameter and 6 m. long (Fig. 11), through the whole length of 
which runs a shaft with paddles, which is driven by machinery, to 
promote the intimate mixture of the liquors with the milk of lime. 
This shaft carries seven discs, which check the speed of the gaseous 
current. 

The cylinder is divided into eight compartments by seven parti- 
tions, c, c, c, perpendicular to its axis and at equal distances apart, 
as shown in Fig. 11. The first, on the left, reaches to the middle 
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of the cylinder, and each of the others is 0'15 ni. shorter than 
the one preceding it. Into the second compartment there enters a 
pipe V, bringing waste steam from one or more engines ; finally, 
above the last chamber there is a distillation cohiinn with wrougbt- 
iroE plates. To avoid the choking which might result from 
materials being thrown up by the ebullition, the lower chambers 
of this column are not provided with inverted cups. The upper 
part of the column in Fig. 25 is connected with two return coils 
e, c', from which crude liquid ammonia flows into a reservoir. If 



A, Wroii gilt- iron cylinder in wliich the 

fixed salts ara decomposed l>j 

a. Entrance of the eau vanne. 

B, Cascade colujnn. 

c,c. Fixed partitions of wrought-ii'on. 



d, d. Wrouglit-iroii diaca fixed to a i 
volving shaft. 
E, EiitraDpe for the milk of lime. 
m,m, Stirrer. 

8, Syphon for tlie exit of the £ 

liausted «au vatlne, 
V, Entry foi at«am. 



the manufacture of the sulphate is aimed at, the coils being less 
cooled, the animoniacal vapours from the last coil should be carried 
into a sulphuric acid vat The eau vannc which has been deprived 
of its volatile ammonium compounds is introduced at a into the 
third chamber of the column ; it flows down in thin layers and 
enters the cylinder F, where it becomes mixed with the milk of 
lime. The ammonia of the fixed salts, set free by the lime, escapes 
gradually in each chamber, and passes in succession from one to 
another, bubbling up through a column of eau vanne containing 
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lime, the height of which is Umited by the height of the partitions. 
The ammoniacal vapours, mixed with steam, rise in the column, 
gradually getting richer, then pass through the coils, where they are 
deprived of most of their water, which flows back into the column. 
Ultimately the gaseous products issuing from the terminal coil are 
conveyed into sulphuric acid, where the ammonia is retained as 
sulphate. 

The eavx vannes, which become gradually exhausted as they 
pass through the compartments of the apparatus in the opposite 
direction to the steam, escape at last through the syphon s into 
a large tank, where they deposit their suspended matters. The 
liquor takes about half an hour to pass through the apparatus, and 
is gradually and completely exhausted. 



CHAPTER III. 

EXTRACTION OF AMMONIA FROM GAS LIQUOR. 

§ 1. Ammoniacal Liquor. 

The distillation of coal in retorts for the manufacture of illuminating 
gas is, as mentioned above, one of the most important sources of 
ammonia. Coal, under these conditions, yields gas, condensable 
products, tar, ammoniacal liquor, and a solid residue, coke, which 
remains in the retorts. In gasworks a yield of 10 kilos, of 
ammonium sulphate, containing 21 per cent, of nitrogen per ton of 
coal, is considered exceptional; the French coals contain on the 
average 1 per cent, of nitrogen, the English as much as 2 per cent. 
The quantity of ammonia obtained is therefore far short of the 
nitrogen contained in the coal. Forster has recently shown that 
coke retains nitrogen, and, moreover, that during the distillation 
of coal, part of the nitrogen escapes in the free state. Forster's 
experiments were made with coal containing 1*73 per cent, of 
nitrogen, yielding 74*46 of coke and 25*54 of volatile matter. 
The quantity of nitrogen contained in the tar is known to be 
extremely small. The division of the nitrogen amongst the various 
products of the distillation was as follows : — 

Nitrogen as ammonia . . . 0*251 or 14*50 per cent. 

„ as cyanogen . . . 0*027 „ 1*56 „ 

remaining in coke . . 0*842 „ 48*68 „ 
not recovered, most of it 

being in the gas . . 06 10 „ 35*26 „ 



n 
>> 



1*730 100*00 



The yield of 0*21 per cent, of the nitrogen in the coal, obtained 
as ammonia in the best works, is evidently very near the 0*251 

44 
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obtained by Forster. The state of combination in which the 
nitrogen exists in the coke is unknown, but it is not unreasonable 
to suppose that it is as a polymerised cyanogen, that is to say, a 
nitride of carbon. The action of soda lime on the coke causes it to 
give up all its nitrogen. The condensed water, and that from the 
washing of the gas, contains nearly all the ammonia produced by 
the distillation of the coal, the tar, after the separation of the 
entangled ammoniacal liquor, retaining only a negligible pro- 
portion. The tar and ammoniacal liquors are arrested in coolers 
and condensers called coke towers. The working up of the tar 
cannot well be carried out on the small scale ; it is therefore in 
most cases done in special establishments, where it is separated 
into such commercial products as naphtha, benzenes, heavy oils, 
naphthalene, anthracene, etc. The ammoniacal liquors, whose value 
is low, cannot bear cost of carriage ; they are therefore always 
treated on the spot in simple and inexpensive apparatus. As they 
flow from the condensers they contain tar, and require to be left at 
rest in large cast-iron tanks or large brickwork cisterns for its 
separation, so that the ammoniacal liquor can be run ofiF to be 
worked up. This decantation is of great importance for the 
manufacture of ammoniacal products, for liquors containing tar 
do not work well, and give off" odorous carburetted vapours which 
cannot be condensed in the acid employed to absorb the ammonia ; 
the result is an irregular treatment, and complaints from the 
neighbourhood. Some ten years ago the Parisian Gas Company 
provoked by this means very serious complaints from the inhabitants 
of the district surrounding the works at Vaugirard, where the 
separation of tar was imperfect. In consequence of these com- 
plaints, and following the advice of the Council of Public Hygiene 
and Salubrity of the Department of the Seine, the Parisian Gas 
Company was requested to take measures for the purification of the 
workshops at Vaugirard, and to put a stop to a state of things 
prejudicial to public health. To conform with the requirements of the 
administration, the Parisian Gas Company has set up settling tanks, 
which have proved completely satisfactory as regards health, as they 
now work up only clear ammoniacal liquors, free from tarry matter. 
The new arrangements adopted in the works at Vaugirard had for 
their object, as has been shown in the report of the Council of 
Public Hygiene, edited by M. Combes, Inspector-General of Mines — 



— Plan and ^'ertjua1 Sei^tion of the Reservoirs and Tanks for the Separation 
the Ammoniacal Liquors at the Vaugirard Works. 



A, A, Pumps for lifting the mixture of 

ammoniacal liquor and tar from 
the reservoirs G, G into the 
upper tanks. 

B, C, D, E, Tanks, connected near the 

top, for the separation of the water 

from the tar. 

F, Pipe and stop.oock for running off 



theti 
G, G, Vaulted brickwork 



for 



the reception of the miituro qf 
ammoniacal liquor and tAr. 
K, Pipe for returning into G, G the 
tar which settles in the upper 

M, Steam engine for driving the 

pumps. 
S, Draw-oil' of the ammoniacal liquors 

for distillation. 
T, T, Exit valves of the pumis. 
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1. To separate as perfectly as possible the tar from the 
ammoniacal liquors, before transferring these to the boilers for 
distillation with lime. 

2. To prevent the escape of ammoniacal vapours when the 
lime is introduced and mixed with the liquid. 

3. To prevent the evolution in the works of empyreumatic 
vapours from the sulphuric acid vats which receive the products 
of the distillation, by causing these vapours to pass into one of the 
chimney stacks of the works, the walls of which are always at a 
temperature higher than a dull red heat. 

To promote the separation of the tar, the ammoniacal liquors, 
on leaving the coolers, are sent into large brickwork reservoirs, 
(G, 6, Fig. 1 2), forming the basement of a special building, in the 
upper part of which are situated four large tanks, protected by a 
roof. 

On the ground floor are the pumps A, A, which raise the 
mixture in the reservoirs G, G into the upper tanks. A steam 
engine M drives these pumps. The four tanks B, C, D, E com- 
municate with one another at the tops ; the liquor delivered by 
the pumps into the tank B passes in succession through C, D, and 
E ; the greater part of the tar settles in B and C, a very small 
amount separating in the other tanks. The ammoniacal liquor, 
freed almost completely from tar, is drawn ofif by the pipe S from 
the surface of the tank E, into gauge tanks at the upper part of 
each set of stills. The tar which collects at the bottom of the 
first two tanks is drawn off by the tap F into wrought-iron 
cylinders, in which it is conveyed to the works at La Villette. 
This method of procedure yields with regularity clear ammoniacal 
liquor, which, being free from tar, is easily worked up. 

§ 2. Manufacture of Ammonium Sulphate. 

1. A. Mallet's Apparatus. — The nitrogenous substances in coal, 
being decomposed by heat during the manufacture of coal gas, 
yield cyanogen, free nitrogen, and carbonate, acetate, chloride, 
sulphide, and sulphocyanide of ammonia, the latter of which are 
condensed by cooling, assisted by the water vapour which accom- 
panies them, and by that which is introduced into the scrubbers. 
These ammoniacal salts represent, according to Forster, scarcely 
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15 per cent, of the nitrogen contained in the coal, whilst about 
50 per cent, remains in the coke. The complex, tarry liquid 
which is obtained from the condensing apparatus constitutes the 



F[0. 13.— Plan and Vertical Section of A. Mallet'fl Apparatus. 

so-called " gas liquor." We have seen that, prior to any other 
treatment, the crude liquids require to be left to settle, and to be 
drawn off with great care to free them as much as possible from 
the tar they contain. 
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The Parisian Gas Company has adopted for the treatment of 
its gas liquors, the apparatus devised in 1841 by A. Mallet. This 



Fic. 14.— Elevation of the Saturation Tank. 



Description of Figs. 13 and 14. 



A, First boiler, heated directly by a fire. 

B, Second boiler, heated by the waste 

heat of the fire. 

C, Third boiler, heated by the steam . 

D, Fourth boiler, wliich receives tlie con- ■ 

densed water from Y. i 

E, Lime boiler. ] 

F, Charging tank, containing a coiiilens- ! 

ing coil. I 

U, Tank which measures out the charge 
for one operation. It is eonneoted 
with the charging tank by a stop- 
cock at the bottom, and with the 
lime boiler by a tap at the t<i|i. 

H. H, H, Stirrers. 

I, J, Pipes connecting A with B, and B 
with C, for the conveyance of the 
ammoniacal vapours. 

K, Pipe for emptying B into A. 
L, Pi[)e for emptying C into B. 

M, Piiw for emptying the lime boiler into 
B, 

N, Pipe for emptying D into C. 



I, Pipe for emptying the vessel Y into D. 

', Tube conveying the vapours from the 
tank F into G. 

;, Sulphate drainer. 

1, Vessel for receiving the liquids con- 
densed by the coil in F, and con- 
nected with the vessel Y. 

', CoU, cooled by the atmosphere. 

', Safety vessel, to prevent vrater from S 
IBissing int« the absorption vat. 

, CryBtalliser. 

, Lead vat to receive the drainings 
fi-om the salt. 

', Vessel which I'eoeives the liquids con. 
densed in the coils F and T. 

I, Three-way cock by which the air in Y 
can be compressed to empty that 
vessel into D. 

1, Pipe by which the liquor for treat- 
ment arrives. 

p. Pipe liy which the ammoniacal vapours 
can be sent to a second absorber 
during the emptying of the salt. 

-, Pipe for emptying the boiler A. 



apparatus, which at the present time is fitted up in the works 
of the company, consists, as is shown in Figs. 13 and 14, of 
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four wrought - iron boilers, A, B, C, D, of unequal capacity, 
furnished with stirrers, H, H. The two first hold about 2 cm. 
The boiler A is heated directly by a coke fire ; the second, B, by 
the waste heat of the fire ; the third, C, is not set in the brick- 
work, and is heated simply by the steam from the boiler B ; the 
fourth, D, serves as a scrubber for the vapours from the earlier 
ones. The covers of the three boilers A, B, C carry cast-iron 
pipes I, J, the first of which reaches nearly to the bottom of B, 
and the second nearly to the bottom of C. The four boilers 
communicate by the pipes L, M, N, furnished with stop-cocks, 
to allow the liquors in D to flow into C, those in C into B, and 
those in B into A. The boiler A has also a draw-ofif tap, by 
which its contents can be run to waste. The boiler C is con- 
nected with D by a three-way tap Z; lastly, the vessel D is in 
communication with a cooler F, consisting of cast-iron pipes 
immersed in cold ammoniacal liquor, which is renewed as the 
operation proceeds. The vessels S and Y receive the liquids 
condensed in the coil T ; this coil, which is cooled by the surround- 
ing air, is intended to stop the last portions of liquid carried off 
by the ammonia, which then passes into the sulphuric acid in the 
vat V. This vat V receives the product from two sets of 
apparatus. G is a measuring vessel, which receives the charge 
of ammoniacal liquor and which communicates with the tank F 
by a tap at the bottom, and with the lime boiler E by a tap /. 
The slaked lime for decomposing the fixed ammoniacal salts is 
introduced into the vessel E. Part of the ammoniacal liquor 
passes directly from the measuring vessel into the boiler E, and is 
there mixed with the lime by working the stirrer. 

The following is the course of the operation : — The boilers 
A and B are charged with the crude liquor from G, which is first 
mixed with the requisite quantity of lime in E, and passed through 
B into A. The vessel C is half filled, and also the tank F, with 
the ammoniacal liquor. A fire is then lit under A, and the con- 
tents are stirred from time to time with the agitator H. The 
vapour produced passes into the boiler B, which it heats rapidly, 
and drives out the ammonia set at liberty by the lime. The vapours 
from the boilers A and B then pass into C and D, where they 
deposit part of the water vapour carried off by the ammonia ; they 
then pass through the coil in the tank F, where further condensa- 
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tion takes place. The liquor in this tank becomes heated, gives 
off part of its ammonia, which passes into the measuring vessel iQ- 
by the pipe T, and is there condensed. The impure products con- 
densed in the coil F are collected in the vessel S, and then flow 
into Y. The gaseous current which has traversed the cooler F 
passes on to the coil T, which is cooled by the surrounding atmo- 
sphere, where its temperature is lowered to about 80° ; the products 
condensed in this last coil also flow into the vessel Y. The 
ammonia must not be cooled too much before it is sent to the 
acid vat, as it is desirable to promote the evaporation of the liquor 
in that vat so as to obtain the sulphate directly in the crystalline 
state. The liquids collected in the vessel Y are returned to the 
vessel D, by opening the three-way tap, which produces a pressure 
on the surface of the liquor in Y, and the tap is closed again as soon 
as that vessel is empty. After working for about four hours, the 
liquid in A is exhausted ; the fire is then drawn, and the contents 
run out into the drains. A is then refilled with the contents of B, 
and B receives the liquor from C, together with a fresh charge 
from E, mixed with lime. When D becomes too full, it is emptied 
into C. Before the end of one operation the charge in E is pre- 
pared for the next, by opening f and allowing the contents of G to 
enter the tank F at the bottom. As this tank is always full, the 
liquor entering below drives the hottest liquor from the surface 
over into E. The hot liquor in F is thus replaced by cold. The 
ammoniacal liquor is in this way exhausted as it travels towards A, 
and the vapours enriched as they pass in the opposite direction. 
Lastly, the cooling of the vapours for the removal of the greater 
part of the moisture which they carry over, being effected by crude 
ammoniacal liquor, a great economy of heat results, as only hot 
liquors are introduced into the boilers. 

The absorption vats V (Figs. 13 and 14), which are about 
3 m. long, 2 m. wide, and 0*7 m. high, and are lined with lead, 
are covered during the whole operation; the space under the 
cover communicates by a large pipe with an underground brick- 
work conduit, which conveys the gases to one of the chimneys of 
the works, where the temperature is above a dull red heat. This 
prevents the dispersal in the atmosphere of the volatile products 
which accompany the ammoniacal vapours, and which separate as 
the latter are absorbed. These products are the more abundant. 
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the less perfectly the tar has been separated. When the sulphuric 
acid in the vat V is saturated, the ammoniacal vapours are sent 
to a second apparatus, and the salt is removed by shovels to the 
drainer E, of wood covered with lead, whence the liquid flows 
into a smaller vat X, measuring V2 x 0*5 X 0*4 m. The 
drained sulphate is then dried on cast-iron plates, heated by 
the waste heat of the boiler fires, and is then ready to be sent 
into the market. 

Such an apparatus will take a charge of 12 hectolitres (264 
gallons) of ammoniacal liquor, and six operations can take place in 
twenty-four hours. The quantity of fuel varies with the state of 
the apparatus, which requires frequent cleaning ; when thoroughly 
clean, about 12 hectolitres (33 bushels) of coke will be required per 
twenty-four hours. The quantity of slaked lime, in sifted powder, 
is 1*3 hectolitres (3^ bushels) per charge. About 70 kilos. 
(154 lbs.) of dry ammonium sulphate are obtained from each cubic 
metre of liquor of 2°-5 Beaume, or a total yield of 500 kilos, (half 
a ton) per twenty-four hours. By conducting the gas from the last 
coil into water instead of into sulphuric acid, caustic ammonia can 
be manufactured by this apparatus. 

2. The Modified Mallet Apparatits. — The foregoing apparatus 
has, since its original construction, been modified by the inventor. 
In the new form the analyser consists of a group of tubes and a 
distillation column, which are more easily cleaned than the coils. 
Like the older pattern, the modified apparatus permits the manu- 
facture of either caustic ammonia or the sulphate. 

To manufacture sulphate, less lime is required than for making 
caustic, and the analysis of the vapours does not need to be so 
perfect for the former as for the latter. It is in fact sufficient 
if the mixture of ammonia and steam yields, with acid of 5 3° B^. 
(specific gravity, 1*54), sulphate of ammonia, which crystallises in 
the absorption vats without evaporation. But for the manufacture 
of caustic ammonia the vapours must be passed through a vessel 
containing milk of lime, and must be thoroughly cooled and purified, 
as will be seen further on, before being dissolved in water. Mallet's 
modified apparatus, shown in Figs. 15 and 16, consists essentially 
— (1) of three wrought-iron boilers, C, D, E, heated by a fire ; (2) a 
tubular heater A, of capacity equal to one of the boilers; (3) a 
tubular condenser or analyser cooled by a current of water, and 
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intended to dry the ammoniacal vapours to any desired extent. 
The liquids from the condensation of the vapours flow down from 
plate to plate, giving up their ammonia, whilst the ascending 
vapours gradually become sufiiciently dry for the manufacture 
of sulphate; (4) an absorption vat containing acid of 53** B6. if 
sulphate is to be made, or an apparatus for further purifying the 
vapours, and an absorber, if caustic ammonia is required. Fig. 16 
shows on a larger scale the arrangement of the pipes which connect 
the boiler C with the heater A. 

To describe the mode of using the apparatus, we will assume it 
to be working normally, and that the liquor in the boiler E is 
exhausted. This liquor is then run off by the tap g, and is immedi- 
ately replaced by the contents of D ; the latter is in turn charged 
from C; the fresh hot liquor from A is run into C, and A is 
replenished with cold. The pii)e /, which delivers the vapour in E 
directly to the heater, permits these transferences to be made 
rapidly, which is of importance as regards the endurance of the 
boiler, which is heated directly by fire. Similarly, the tap h allows 
the vapours from D to pass into B. By opening the plug L the 
necessary quantity of lime is added. After replenishing A the tap 
j is closed, that the vapours from D may pass through C. The 
vapours from E pass successively through D, C, and B, meeting 
in B the condensed liquid from the heater and the analyser. 
During this passage they become enriched at the expense of the 
liquors, and then become dried whilst passing through A and G. 
The liquor which surrounds the tubes in the heater is raised nearly 
to boiling point during one operation, and when it is run down 
into C it soon boils, giving up part of its volatile ammonia ; the 
remainder, together with that from the fixed salts, being expelled 
in D and E. This method of work requires the consumption of a 
very small quantity of lime, since most of the volatile salts are 
expelled before the lime is added. 

When the manufacture of caustic ammonia is desired, lime must 
be added to the boiler C in quantity sufficient to decompose all the 
ammoniacal salts of the original liquor. 

This apparatus serves equally well for gas liquor and for eau 
vanne, and can be worked either by a special fire, or by waste heat, 
or by a jet of steam. 

3. F. Mallefs Apparatus. — The apparatus described above is 



Fio. 15. —Mallet's Modifieil Apparatus— Plan and Section. 



F]fi._16.— DaUilaof Pipe System connecting tlie Last Boiler with the Heater, 



Descriptii 

, Heater containing a charge of gas liquor. 
:, Tap for delivering this liqnor into the 

boiler C. 
, Chamber which roceiTea the liquid (.-on- 

densed in the pipes of A. 
; Tap by which this condensed liquor ia 



Sra: 



intoC. 



C, D, E, Three bailers of equal size, cod- 
taining stiners, through which the 
liquor descends in succession, 
e, Pipe which carries the animoniacal 
Tai>our8 into B. 



15 and le. 

e, /, Taps which place the boilers C, D, 

and E in commuiiication. 
g, Draiv-off tap. 
k. Tap which allows the vajKiura from D 

to pass direct to B. 
G, Analyser, cooled by a current of water. 
j, Pipe for exposing the contents of A to 

pressure of vapour from E. 
K, Outlet for the ammoniscal vapour. 
L, Lime plug. 
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easily worked, and exhausts the liquors thoroughly, but it is cumber- 
Bome and costly. 

P. Mallet, in 1869, fitted up at the Colombes works, for the 
manufacture of ammonium sulphate, an apparatus which, though 



Fio. 17.— P. Mallffs Apparatus. 



A, Column eousisting of four rectifiers 
and eleven analysing plates. 

■, Tubular analyser. 

B and C. Wrouglit - iron Uilers fitted 
with stirrers. 



b. Plug for introdution of lime. 
r. Tap for running the liqlioi- fron 



S, Exit tap. 

V, Steam supply. 



more simple, exhausts the liquors in a satisfactory manner. This 
apparatus, shown in Fig. 17, consists of an ordinary distillation 
column A, of cast-iron, formed by eleven analysing plates and four 
rectifiers, carrying a heater a, and of two boilers B and C, in which 
lime is used for the decomposition of the fixed salts. 
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The ammoniacal liquors entering at E are first heated by 
circulating round the tubes of the analyser a ; they then enter the 
column by F, flow down from plate to plate into the boilers 
B and C. During their passage through the column they part 
with the volatile salts, and the fixed salts are subsequently 
decomposed by lime in the boilers. The operation is continuous in 
the column but intermittent in the boilers. This apparatus is 
inexpensive and gives good results, but occupies much space. 
It can be worked either by a special fire or by steam, as in the 
figure. 

An apparatus of this description, with a column of fifteen plates 
0*8 m. in diameter, and with two boilers of 1 cm. capacity, can 
treat 20 cm. of gas liquor in twenty-four hours. 

Unless mixed with a certain quantity of lime, gas liquor very 
rapidly corrodes wrought-iron. It is therefore necessary to make 
the heaters of cast-iron, as in the apparatus just described, or 
else of lead. 

When working up rich ammoniacal liquors, there is but little 
advantage in heating them by the vapours from the column or 
the waste liquors; on the other hand, fuel is always abundant 
in gasworks, and steam is often raised by the waste heat of the 
furnaces. 

In 1873, P. Mallet fitted up at the Blois Gasworks an 
apparatus consisting essentially of a cast-iron distillation column, 
each plate of which carried a single inverted cup, keyed to a 
vertical revolving shaft. This ingenious arrangement allowed 
the milk of lime to be introduced into the column without any 
risk of obstructions. The same arrangement was introduced by 
Mallet, in 1881, at the Bordeaux works for the treatment of 
sewage. 

4. Chevalet's Apparatus. — This apparatus, already described for 
the treatment of eau vanne, serves equally well for gas liquors. 
In this case, two to four, or even more boilers are used, according to 
the amount of liquor requiring treatment daily. Heat may be 
applied either by a fire under the boilers, or better by a jet of 
steam, or by thermo-syphon boilers placed in the flues of the retort 
furnaces. In the last case no fuel is expended, but the working 
depends on that of the retort furnaces. The work can, however, be 
made regular by putting the boilers in a special secondary flue, 



^ OF THE 

UNWERS^TY 



lik 



58 



AMMONIA AND ITS COMPOUNDS 



through which all or part of the flue gases can be sent without 
interfering with the draught of the furaaces. In small sets of 
apparatus heated by direct fire, the consumption of coal or coke 
amounts to 40 kilos, (88 lbs.) per cubic metre of liquor treated ; 
in apparatus of greater size, it may fall to 35 or 30 kilos. The use 



Fig. 18. — Clievalet'a Apiaratus, with lhernio-syi)li 
A and B, Wrought -ii'on boilers. 

C, 0, Heatera for the therm o-syi.hons. 

D, Leaden bell which colleuts the gases 

and water vapour. 
£, Lime funuel. 

F, Sulphate drainer. 

G, Aeidvat. 
K, Stop-cock which causes tlie vapours 

from B to bubble through the 

liqaor in A. h, Waste pipe for e 

a, a. Pipes conveying the hot water from I, I, Water levels. 

the heaters to B. I, Sampling cock. 

of waste heat constitutes therefore an important economy in the 
manufacture of ammonium sulphate. 

Fig. 18 shows the general arrangement of a small Chevalet 
apparatus, heated by thermo-eyphona It consists of two wrought- 
iron boilers, A and B, placed at convenient levels for running the 
liquor from one to the other. The lower boiler B is connected by 



liquor, 
rf. Pipe for emptying A into B. 
c, Lead coil for concentrating the sul- 
phate solution by steam. 
/, /, Ammonia pipes. 
g. Pipe conveying nnabsorbed gases to 
flue. 

:hausted liquor. 
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the iron pipes a and h to two heaters placed in the furnace flue. 
The pipes a, a, which leave the heaters at their upper part, are 
carried into the boiler B about half-way up, whilst &, &, which leave 
B at the bottom, are carried nearly to the bottoms of the heaters. 

The two boilers are connected by the pipe d for running down 
the liquor, and by /, / for the passage of the vapours. When the 
stop-cock K is closed, the steam from B bubbles through the liquor 
in A, but passes direct to the sulphuric acid in G when K is 
opened. The boiler B is fitted with a funnel E for the addition 
of milk of lime, and a draw-off pipe A ; A is supplied with 
ammoniacal liquor by the pipe c, and delivers the vapours through/. 
The uncondensed gases and steam from the acid vat are collected 
by the bell D and sent by the pipe g into the hot flue. At the 
bottom of the acid vat there is a lead pipe e, e, through which steam 
from a boiler is passed for concentrating the solution. 

The working of the apparatus closely resembles that of the 
forms already described. Most of the volatile ammoniacal com- 
pounds are expelled whilst the liquor is in the boiler A; and 
when it has been let down into B, a charge of milk of lime equal 
to about 4 or 5 kilos, of lime per cubic metre of liquor is added, 
to decompose the fixed salts. This quantity of lime is not sufficient 
to produce a deposit, and there is no need for frequent cleansing. 
When working up liquors marking 2"* or 3° Be., as is generally the 
case, the boilers are emptied twice in twenty-four hours. When richer 
liquors are being treated, a longer time is required to exhaust them 
effectually. The residuary liquors contain very little insoluble 
matter in suspension, and can therefore be run away without clari- 
fying. They contain a quantity of ammonia, which Chevalet estimates 
as not more than 125 to 250 grms. per cubic metre, corresponding 
to 500 to 1000 grms. of ammonium sulphate, which it does not 
pay to extract. Chevalet states that liquors of 3° B(5. yield 22 to 
2 3 kilos, of ammonium sulphate per degree. The yield of ammonium 
sulphate per ton of coal varies from 4 to 9 kilos., according to the 
amount of washing to which the gas is submitted. Few works, 
however, obtain so large a yield ; about 6 kilos, per ton. is a good 
average. Liquors of 5° to 6° B(5. yield 28 to 30 kilos, per degree 
and per cubic metre ; it is therefore necessary, in purchasing gas 
liquor, to pay regard not merely to the density, but to the probable 
yield of ammonia. The theoretical quantity of sulphuric acid of 
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Fia. 19.— (irllnel>erg's Apparatus. 



A, Wrought-iron boiler lieated diiectly 

by fitrnace gases, 
a, a, A wrougbt-ii'on cjliiidei', coiicpntrio 
with A. 

B, Cast-iron columii. 

A, Fipo for the descent of the lii[Uors to 
the boiler A. 



C, Lime boiler. 

d, Grftting for retaining impurities. 

E, Condenaerthroughwhich thesteam 
fraiiL the absorption vats circo- 
lates in the apposite direction 
to tbe flow of aninaoniacal liquor 
from the rt 
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53**, or 54*69 per cent, of sulphuric anhydride for 100 kilos, of 
ammonium sulphate, is 110*8 kilos.; in practice it varies from 109 
to 115. The dried ammonium sulphate contains from 20 to 21 
per cent, of nitrogen. M. Chevalet has fitted up apparatus on this 
system at several gasworks ; they permit the treatment at a low 
cost of considerable amounts of ammoniacal liquor which formerly 
had to be thrown away, as they would not pay for the erection of 
more expensive plant. 

5. Grilneberg's Apparatus, — A very simple apparatus for the 
economical and thorough extraction of ammoniacal gas liquors has 
recently been patented by Dr. Griineberg of Kalk, near Cologne. 
This apparatus serves for the manufacture of sulphate, or, with some 
modifications, that of concentrated ammonia. The sulphate apparatus 
is shown in section in Fig. 19. 

It consists essentially of — 

1. A vertical wrought-iron boiler, set in brickwork so as to 
be heated directly by a fire. This boiler contains a large cylinder 
a, a, with a grating at the bottom, below which there is a large 
mud tap. In the centre of this cylinder there is a tube &, which 
reaches nearly to the top of an upper chamber C, which serves as 
a lime boiler. In this chamber the vapour produced in the lower 
part bubbles up through the pipes /, /, keeping the lime in sus- 
pension and carrying off the ammoniacal gases. 

2. A cast-iron distillation column B, with plates, in which the 
liquors are deprived of their volatile salts. 

3. Acid vats K, K', for the absorption of the ammoniacal 
vapour, and arranged so as to collect the uncondensed gases and 
the steam produced during the neutralisation, and convey them to 
a cooler E, through which the fresh liquors pass in the opposite 
direction, and finally to deliver the cooled gases into the furnace. 



c, Inlet for milk of lime. 

F, Reservoir of ammoniacal liquor. 

G, Lime vat. 

/, /, Inverted cups. 

K, K', Acid vats, with covers, for col- 
lecting unabsorbed gases. 

ky kff Pipes conveying the ammoniacal 
gas. 

L, Sulphate drainer. 

/, Pipe which conveys hot liquor to the 
column. 



n 
P 



M, Reservoir for the drainage from 

the sulphate. 
N, Pipe which carries gas and steam 
from the vats to the condenser. 
Exit for exhausted liquors. 
Pipe which delivers the uncon- 
densed gases to the furnace, 
r, Tap for drawing out the lime mud. 
», s, Pipe for introduction of ammoni- 
acal liquor. 
j9, Syphon pipe through which the 
exhausted liquors flow away. 
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4. A reservoir F, containing the liquors to be treated. 

5. A lime vat for feeding the chamber C, through a pipe e, 
which is provided with a cleaning plug. 

6. A syphon p, for the continuous outflow of the exhausted 
liquor by the pipe n and the drain m. 

The liquor in the reservoir F is allowed to flow in a continuous 
stream by the pipe s into the cooler G, where it becomes heated 
whilst condensing the steam from the acid vats. It then rises by 
the pipe / to the top of the column B, through which it descends, 
parting gradually with its volatile ammoniacal salts. It then 
reaches the lime chamber C, where it is kept in agitation by the 
steam from A passing up through it by the pipes /, /. It then 
flows down the central tube &, carrying with it the lime, the coarser 
portions of which are caught under the grating d, and, rising in the 
concentric tube a, a, flows over into the boiler A, where it is ex- 
posed to the direct heat of the fire, which completes its exhaustion. 
It then flows away through the syphon jp, which draws it from near 
the bottom of the boiler, and delivers it by the pipe n into a 
drain. The lime sediment is drawn off from time to time by the 
tap T ; and the separation of the lime deposit from the liquor taking 
place in the cylinder a, which is not in contact with the fire, pre- 
vents the formation of incrustationi^ and the consequent burning 
of the boiler plates. The liquors which flow away by the syphon p 
contain, according to Griineberg, only 0*05 per cent, of free 
ammonia and 0*09 per cent, of combined ammonia. The rich 
ammoniacal vapours which issue from the column B are delivered 
by the pipes k and k' alternately to the absorption vats K and K^ 
So much heat is produced by the neutralisation, that much of the 
water contained in the acid is evaporated, and the sulphate pro- 
duced crystallises in the absorption vat. The mixture of steam 
and uncondensed gases is sent through the cooler E ; the steam 
condenses and flows away, whilst the gases are sent into the fur- 
nace and burnt. The sulphate from each vat is dried as soon as 
the acid is neutralised ; the mother liquor is returned to the 
absorbing vat. 

According to Griineberg, about 50 kilos. (1 cwt.) of coke is 
burnt for each cubic metre of liquor treated. 

Apparatus on this pattern has lately been set up in many 
localities : at Nice, at Tamaris for treating the ammoniacal liquors 
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from coke ovens, at Valenciennes, Kalk, Frankfort, Hamburg, 
Gottingen, Goerlitz, Florence, and Palermo; and in 1884 it was 
established at Danzig, St. Petersburg, Moscow, and Barcelona. 
This apparatus works well on very varying scales; some of the 
installations treat only 5 to 10 cm. of liquor in twenty-four hours, 
others are much larger. 

Griineberg has produced a modified form of this apparatus for 
making concentrated liquid ammonia. This will be described in 
Chap. III. § 3. 

§ 3. Concentration of Ammoniacal Liquor. 

1. Solvay's Horizontal Still, — The growing importance of the 
manufacture of soda by the ammonia process induced Messrs. 
Solvay sonie years ago to seek for the means of obtaining, in sujBBcient 
quantity and at a low price, the ammonia required by their works. 
It naturally occurred to them to utilise the crude liquors obtained 
in the washing of coal gas, which in many gasworks were not 
treated for the manufacture of ammoniacal salts. These liquors 
are, however, too weak to bear the cost of transport to any great 
distance ; on the other hand, it would have been undesirable as well 
as expensive to convert them into solid ammonium salts, seeing 
that for use in the manufacture of soda it is free caustic ammonia 
that is needed. They were led therefore to devise means of con- 
verting them economically, at the place of production in the gas- 
works, into a crude product rich enough to bear the cost of carriage. 
With this object E. Solvay devised a form of continuous still, 
by which solutions containing 15 per cent, of ammonia could be 
obtained from ammoniacal gas liquors of 1°*5 to 3° Baume. This 
apparatus, shown in Fig. 20, is composed of a long horizontal 
wrought-iron boiler A, part of which is heated by the furnace F. 
This boiler is divided into a number of compartments, &, &, by 
the partitions c, c. Each of these contains a vessel ^, which is in 
communication with the following chamber by a short pipe, so that 
the liquid can pass from any compartment into the vessel t of 
the next one, whilst on the other hand the steam and gases pro- 
duced in any chamber can bubble up through the liquor ia the 
vessel t in the chamber which follows in the- opposite direction. 

The boiler being filled to the working level, which is regulated 
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by the position of the overflow pipe S, the liquor, which has under- 
gone preliminary heating in the vessel H, enters the first compart- 
ment of the boiler by the pipe G. The vapours which arrive from 
the second compartment by the duct D, drive part of this liquor 
out of the vessel ( into the similar vessel in the next compartment. 




6, 6, ComiHrtnients, 

e, c. Partitions. 

D, E, Docta by which tlie vapours 
passed from eitcli compartni 
through the liquor iu the v«si 

F, Fire'place.- 

G, Pipe delivering amniouiacnl liquor 

the boiler. 



— Solvay'a Appamtiis. 

H, Tank containing tlie condensation 
K, Reservoir of amniouiacal liquor for 



I., Regulator for the flow of liquor, 
M, Float H'hich worka the regulator. 
t, t. Internal vessels, each couiniutii- 
cating with the preceding com- 

S, Syphon for escape of exhaustwl 

when the vapours from the next following one pass through it. 
The liquor thus gradually approaches the fireplace, whilst the 
vapours travel in the opposite direction, producing a r^ular ex- 
traction of the ammonia. The exhausted liquor finally flows away 
by the syphon S, whilst the strong ammoniacal vapours, issuing at 
the other end, pass through the coil in the tank H, being there cooled 
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and condensed whilst heating the fresh ammoniacal liquor. The 
rate of advance of the liquor through the apparatus depends on 
the relative areas of the plunging ducts E and the vessels t The 
annular space between these should be proportioned to the 
quantity of liquor and the volume of vapour which it is desired to 
pass through, and it is to be observed that the advance of the 
liquid being produced by that of the vapour, the activity of the 
apparatus is proportional to the heating, and ceases entirely if the 
fire is extinguished. The steam which is condensed in the coil in 
the vessel H serves to heat the crude liquor before it enters the 
boiler. The liquor is passed into the vessel H through a regulator 
L, controlled by a float M. This float rises or falls as the tem- 
perature varies, in such a way that the more the apparatus is 
heated, and the more steam is produced, the larger is the quantity 
of liquor admitted. The ammonia gas which escapes from the 
solution condensed by the coil is arrested by a small acid scrubber, 
situated above the exit pipe. Solvay's apparatus has been con- 
structed in sizes for treating 12, 18, 24, or 48 cm. of liquor 
in twenty-four hours, producing ammonia solution of 12 to 17 per 
cent, strength. The consumption of fuel varies from 25 to 30 
kilos, per cm. of liquor treated. In dealing with very weak 
solutions, the heat from the exhausted liquors can be utilised to 
warm them. 

An apparatus with fourteen compartments will treat either 
18 cm. of liquor of 1° to l''*5 B^., or 15 to 16 cm. of 2°. 
The residual liquors contain at most 100 to 150 grms. of ammonia 
per cubic metre. To obtain solutions of 16 to 17 per cent, of 
ammonia, it is necessary to use liquor of 3° B^. ; weaker liquors 
will not yield more than 12 to 14 per cent. Gas liquor in which 
part of the ammonia exists as fixed salts, should be treated with 
lime after the removal of the volatile salts. With this object 
the liquors are passed through a vessel containing lime, situated 
between compartments 7 and 8, but it is impossible to add 
sufficient lime to decompose the fixed salts completely without 
risk of overheating the exposed plates of the boiler. The plates 
of the first compartments are rapidly destroyed by the sulphides 
in the liquors ; they require to be renewed about every two years. 
A thorough cleansing must be given every three or four months to 
remove the tarry and calcareous incrustations, especially in the 
5 
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compartments immediately over the furnace. In the newest 
patterns the first five compartments are built of plate 10 mm. 
(f in.) thick ; the remainder are of cast-iron, which resists the 
action of the sulphides better. The arrangement for passing the 
vapours through the liquid has also been much simplified, a;S 
shown in Fig. 21. The common wall of two compartments, A 
and B, is pierced with two holes, through one of which, i;, the 
vapours pass, whilst the other, /, brings the liquor in the opposite 
direction. 

In Fig. 21 the part marked 6 is a wrought-iron box open at 
the top and covering the hole v ; on fhe other side of the partition 
is a flattened box d of cast-iron, communicating by the bend E 
with the compartment C through the opening V. From the posi- 




FiG. 21. — New AiTangement of the Boilers in 
Solvay's Apparatus. 

tions of the hole -y, and the tops of the boxes h and dy relatively 
to the level of the liquid in the compartments, it follows that the 
vapours passing from A into B traverse the boxes and throw up 
the liquor brought by the pipe E. The liquid flowing continuously 
from compartment C is thus thrown up in B, and the vapours 
travel in the opposite direction, as in the arrangement previously 
described. The construction of this new form of apparatus is 
simpler and less expensive than that of the older one. 

Solvay's apparatus may be used for the manufacture of 
ammonium sulphate or chloride, by passing the vapours from the 
boiler into the respective acids, and in this case the tank H can 
still be used as a heater by passing the exhausted liquors from the 
syphon S through the coil. 
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2. Kuentz's Apparatus. — M. Henry Kuentz haa invented and 
constructed a simple and inexpensive apparatus for the production 



Fig. 22.— Kuei 
1, Wrought -iron boiler, heattd directly 

by a. fire. 
J, Upper boiler. 
I, b. Froth separators. 
;, Pipe for running down the contents of 

B into A. 
), Pipe for introduction of gas liquor. 
?, Oval east- iron pipe for the preliminary 

coiidenaation of the steam. 
f. Pipe conveying the vapours to the 

condeuaer. 



's Apparatus. 
G, Cast-iron scrubber i 
densation ia com pit 
g, Pipe for running w 



. the 



scrubber. 
H, Cooled receiver for the concentrated 

solution, 
ft, Pipe for the escape of uncondens- 

ahte gases. 
p, Pijie for returning liquid from the 

^oth separator b, 
S, Tap for drawing off concentrated 

ammoniacal solution. 



of concentrated gas liquor. This apparatus, shown in Fig. 22, 
consists of two distinct parts, the first of which serves for the 
extraction, the second for the condensation, of the ammonia. The 
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extraction apparatus consists of two wrought-iron boilers, A and B, 
of 750 to 1000 litres effective capacity, the lower of which is 
set in a furnace. The vapours given off by this boiler pass through 
a froth separator a, and then pass into the boiler B through a 
pipe which ends in a very shallow cone. Above the boiler B 
there is a second froth separator i, constructed, as shown in the 
figure, of a wide wrought-iron cylinder about a metre high, in 
which the froth, carried up by the gaseous current, breaks and 
flows back as liquid to the boiler by the sealed pipe p, whilst the 
vapour passes on by the upper pipe to the condensing apparatus. 
A pipe with stop-cock C, allows the liquor in B to be run down 
into A, and a waste-cock V draws off the exhausted contents of 
the boiler A. The gas liquor is brought to the boiler B by the 
pipe D ; the funnel E is for the introduction of lime. The boilers 
are furnished with level gauges. 

The second part of the apparatus, intended for the condensation, 
is constructed with an oval tube F, into which the vapours pass by 
the pipe /, and of a cast-iron scrubbing column G. These two 
parts are contained in a wrought-iron tank filled with cold water, 
which is kept constantly renewed. A small stream of water is 
allowed to flow into the column G by the pipe g, to assist the 
condensation. The uncondensed gases escape by the pipe A, and 
bubble up through water in a small vessel K, allowing the progress 
of the operation to be watched, or they may with advantage be 
passed through a lime purifier and then into a furnace. 

The vessel H, which is surrounded by cold water, receives the 
concentrated ammonia solution from the condensers, and this is 
then drawn off by the tap S. 

The course of an operation is as follows: — The exhausted 
liquor in the boiler A is drawn off after quenching the fire ; the 
contents of B are run down into A, and a fresh charge is intro- 
duced into B. The milk of lime requsite for decomposing the 
fixed salts is added through the funnel E, and the boiler A is heated 
up. The steam from A, accompanied by a diminishing proportion 
of ammonia, passes through the froth separator, and rises through 
the liquor in B, which soon enters into ebullition, giving off the 
greater part of its ammonia ; this becomes partially condensed in 
the water which accumulates at the bottom of the tube F. The 
ammonia solution thus produced flows over into the vessel H, 
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whilst the unabsorbed gases rise through the scrubber C, meeting 
a stream of water from the funnel ^, the quantity of which is 
regulated so as to secure complete condensation, and yield a solu- 
tion of any desired strength. The uncondensable gases pass off by 
the pipe h through the vessel K. When the vessel H is filled to 
a fixed level, as shown by the gauge-glass, the operation is ended, 
and the liquors in the boilers are changed. Each operation lasts 
from 2 1 to 4 hours, according to the quality of the fuel and the 
skill of the workmen. The concentrated solutions obtained contain 
1 3 to 1 5 per cent, of ammonia. 

Apparatus of this pattern is able to extract the ammonia from 
gas Hquor very perfectly ; it is inexpensive and easy to work, and 
has therefore been established in many places.. There are upwards 
of ninety at work in gasworks, both in France and elsewhere. 
Kuentz's condenser attached to any of the stills intended for 
making ammonium sulphate, permits the production of concentrated 
ammonia liquor. 

3. GrilTveberg's Apparatus. — ^We have already described the 
apparatus devised by Griineberg for manufacturing ammonium 
sulphate from gas liquor. In a modified form this apparatus is 
equally suitable for producing concentrated ammonia liquor. The 
arrangement for this purpose is shown in section in Fig. 23. At 
the top of the distillation column of the apparatus already described, 
there is attached a long pipe E, through which the ammoniacal 
vapours have to pass before reaching the condenser. This pipe is 
cooled by a water-jacket, to condense part of the water-vapour. 
The remainder is condensed in the coil D, producing a concentrated 
solution of ammonia, which flows first into the trapped tank E, 
and thence into a reservoir. The tube o conveys the uncondens- 
able gases to a washing tank H, where they give up their last traces 
of ammonia, and the pipe p then conducts them to the grate of a 
fire. The crude gas liquor in the reservoir F flows in a constant 
stream through the covered tank containing the coil D, and after 
becoming warm passes over to the column by the curved pipe I, 
and passes through the still in the manner already described. 
This form of apparatus will economically extract comparatively 
large volumes of gas liquor, and yields solutions of 12° to 14°. It 
is free from the risk of burning out the plates, which is always 
present when tarry gas liquors are heated with lime, and it is 
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23. — Griiueberg's Apparatus for the Manufacture of ConcentraUd 
Amnion iaual Liquor. 



, Concentric cvliuder in which tlie . 

linie settles. 

1 
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easily worked. A model with a boiler 1*5 m. in diameter and 
3 m. high, will treat 10 cm. of gas liquor in twenty -four 
hours. 



B, Column. 

6, Pipe through which the liquor de- 
scends. 

C, Lime boiler. 

D, Condenser for the ammoniacal 

vapours. 

d. Lime strainer. 

E, Receiver for the concentrated am- 

moniacal liquor. 

e. Funnel for introducing milk of lime. 

F, Reservoir of gas liquor. 
/*, y, Scrubbers. 

G, Vat for milk of lime. 

h, Syphon for running away exhausted 
liquor. 



H, Washing vessel for the uncon- 

densed gas. 
I, Pipe for bringing the gas liquor 

to the column, 
m, Downflow pipe for the concen- 
trated liquor. 
0, Pipe which canies the gas to the 

washing vessel. 
p^ Escape pipe for uncondensable 

gas. 
R, Pipe, cooled by water - jacket, 

for conveying the ammoniacal 

vapour, 
r. Draw-off for the lime mud. 



CHAPTER IV. 

MANUFACTURE OF AMMONIACAL PRODUCTS FROM BONES, 
NItROQENOUS WASTE, BEETROOT SPIRIT WASH 
(VINASSE), AND PEAT. 

§ 1. Ammonia from Bones. 

The bones from slaughter-houses or knackers' yards are employed 
for manufacturing either gelatine and phosphate of lime, or else 
bone charcoal and ammoniacal salts. Fresh bones, to which fragments 
of muscle still adhere, are soaked for twenty-four hours in hot water 
to allow them to be readily cleaned. When the soaking is finished, 
the liquid is run off, and the bones, freed from fleshy particles, are 
crushed between channelled rollers ; they are then boiled to extract 
the fat. The boiling is carried out in the following manner : — The 
crushed bone is received in a wrought-iron basket, which can be 
transferred by a crane to a wooden vat containing water. This 
water can be rapidly boiled up by a steam coil lying on the floor 
of the vat. The boiling water extracts the fat from the bone, and 
causes it to rise to the surface. The fat is collected by a skimmer, 
strained through a sieve, and employed for soap-making. After two 
and a half hours' boiling with water the bones give up no more fat ; 
the basket is then lifted out, and the contents submitted to copious 
washings. The bone is then thrown out in heaps, and allowed to 
dry spontaneously. When dry it is passed through mills, which 
reduce it to fragments of suitable size for making bone charcoal. 
These are freed by sifting from the fine powder which is employed 
for making phosphatic manure. The coarser fragments are then 
submitted to calcination, either in crucibles of clay or cast-iron, or 
in continuous furnaces. Calcination in crucibles does not allow the 
volatile products to be collected, as these burn in the heating chamber ; 
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by using retorts the volatile products can be collected and the gases 
utilised for the partial heating of the retorts. A group of retorts, 
which are either of cast-iron, or better of fire-clay, and of cylindrical 
or oval section, are arranged vertically in a chamber which can be 
heated by one or two fires. Each retort is furnished at the top 
-with a charging box, of cast-iron, situated outside the brickwork ; 
this box has a wide opening in the bottom, which is closed by a 
luted plug, and one at the side for conveying the vapours and gases 
to the condensers. Each retort has also an opening at the bottom, 
which is closed during the distillation. The volatile products pass 
into a hydraulic main containing water, where a preliminary con- 
densation takes place. A small stream of water is allowed to flow 
into the main to keep the level of the liquid constant, so that the 
delivery pipes may always dip to the same depth, and also to 
prevent the deposition of solid ammonium carbonate. The vapours 
which escape from the hydrauUc main are carried first through a 
condenser heated by an exterior current of water, and then through 
a scrubber, where they meet a small stream of cold water, which 
frees them as perfectly as possible from the ammonia they contain. 
They are then passed into the retort fires and burnt. The liquors 
from the condenser, the hydraulic main, and the scrubbers, are 
collected in a wrought-iron vat, and serve for the manufacture of 
ammoniacal salts. The liquid from the condenser is of 14° to 15° Be., 
that from the scrubber 1° or 2° only. On remaining at rest these 
liquids separate into two layers. An upper oily one, of very complex 
composition, is known as Dippel's oil ; it contains a large number 
of compounds, especially bases of the pyridine series, of which at 
present no use has been made. These oils are either burnt in the 
furnaces or used for making illuminating gas. The lower aqueous 
layer is a solution of ammonium carbonate contaminated with tarry 
substances, and is employed for the manufacture of ammoniacal 
salts by distilling it and absorbing the ammonia by an acid. The 
salts obtained are deeply coloured by the small quantities of oily 
products which they contain. One hundred kilos. (2 cwt.) of bone, 
treated as described, yield 6 to 7 kilos, of ammonium sulphate, 
containing 18 to 19 per cent, of nitrogen and 1*7 to 2 kilos, of oil. 
A method formerly employed in France, and still occasionally used, 
for converting the carbonate of ammonia of the crude liquors into 
sulphate, consisted in filtering the liquor, after freeing from tar. 
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through a layer of gypsum, when decomposition took place with 
formation of carbonate of lime and sulphate of ammonia, which 
merely required concentration. 

For the manufacture of ammonium chloride h-om these liquors, 
see Chap. V. 

§ 2. Ammonia from Nitrogenous Waste. 

Waste wool, hide, leather, horn, feathers, sponge, etc., containing 
6 to 15 per cent, of nitrogen, is habitually worked up into manure. 
The decomposition of these substances in the soil is extremely slow, 
it is therefore advantageous to convert their nitrogen into ammonia. 
UHote's method consists in treating them with a 10 per cent, 
solution of caustic soda, which either dissolves them completely or 
brings about a complete disintegration. The mixture obtained is 
made into a paste with lime and introduced into a cast-iron retort. 
The retort is carefully heated to avoid decomposing the ammonia, 
and the vapours are passed into chamber sulphuric acid, in which 
they are condensed. Towards the end of the operation the retort 
should be raised to a red heat. The white pulverulent residue 
consists of carbonate of soda and lime, and when treated with 
water reproduces caustic soda, which is used over again. In this 
way the whole of the organic nitrogen in the original substance 
may be recovered as sulphate of ammonia. The sulphate obtained 
directly by this process is coloured, which however is no obstacle 
to its use in agriculture. Its purification, if necessary, would be 
easy. 

§ 3. Ammonia from Beetroot (Vinasse). 

The manufacture of ammoniacal salts at the same time as salts 
of the methylamines, by calcining the residue from the distillation 
of beetroot spirit, has been carried on for some years. A mixture 
is obtained of gaseous and condensable products, which on cooling 
yields a complex tarry liquid containing carbonate, cyanide, chloride, 
sulphide, etc., of ammonia and methylamines. When this mixture 
is neutralised with an acid and evaporated, the ammoniacal salts, 
which are less soluble than those of the methylamines, can be 
crystallised out. The mother liquor contains chiefly salts of 
trimethylamine and diraethylamine, and is used for the manufacture 
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of methyl chloride.^ Hydrochloride of trimethylamine is decom- 
posed by heat. At about 285° C. the gaseous products evolved 
consist eotii'ely of free trimethylamine and methyl chloride ; whilst 
the solid residue contains hydrochloride of monomethylamine and 
unaltered hydrochloride of trimethylamine. The decomposition is 
represented by the equation 3 N(CH3)3. HC1 = 2N(CH3)3-h 2CH3CI 
+ N(CH8)H2. HCl. Above 305° the residue consists entirely of 
monomethylamine hydrochloride mixed with ammonium chloride. 
The gaseous products then contain much ammonia mixed with 
methyl chloride. Finally, at about 325°, the substance is wholly 
decomposed or sublimed. Above 305° the principal reaction may 
be represented by the equation N(CH3)H2. HCl = CH3CI + NH3. 
The products of a dry distillation of trimethylamine hydrochloride 
are therefore methyl chloride, trimethylamine, and ammonia. The 
hydrochloride of dimethylamine behaves in a similar manner. 
The gaseous mixture, passed into commercial hydrochloric acid, 
deposits the alkaline products, ammonia and the methylamines, 
whilst the methyl chloride, washed with water, and collected in 
a gasholder, is liquefied by compression after being completely 
dried by sulphuric acid. Methyl chloride is now manufactured 
commercially by this method, and is used both in the preparation 
of coal tar colours and in freezing machines. 

The chlorhydrates of ammonia and the methylamines are easily 
separated by crystallisation and centrifugal extraction, ammonium 
chloride being much less soluble than the other salts. The 
methylamine salts in the mother liquors are reworked for making 
methyl chloride. The sal ammoniac obtained by this process is 
rendered impure by chlorides of iron and lead from the boilers and 
evaporation coils ; to purify it for use in Leclanch^ batteries, it is 
redissolved and treated with ammonium sulphide to precipitate the 
heavy metals. By recrystallisation and hydro-extraction a very 
pure product is obtained, which finds its application in telegraphy. 

§ 4. Ammonia from Peat. 

1. Peat is a highly important fuel, which at the present time 
is being formed by the decomposition of aquatic plants in marshy 

^ C. Vincent, Comptes rendus de VAcadimie des sciences, 21st May and 8th October 
1877. 
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localities. Peat often contains the remains of trees which have 
undergone slow decomposition under water, and which have 
nourished the growth of plants which only live on decomposing 
lignite. These plants have grown and perished, and their remains 
have served as the soil of a new layer of vegetation. In this way 
a deposit of peat has been gradually formed, the thickness of which 
has continued to increase until it reached the surface of the water. 
Peat bogs have therefore had their origin either in a lake or pool, 
or even in an arm of the sea, which have in this way become 
gradually filled up. It is the opinion of some authorities that 
thirty to forty years are required to form a layer of peat 1 m. 
in thickness; others estimate that under the best conditions the 
production does not exceed 0'6 metre in a century. Both views 
are correct to this extent, that a century is required to form 
0'6 m. of peat of good quality, whilst in thirty to forty years 
it is possible for a growth to form 1 m. thick of an imperfect 
peat which is not worth the trouble of working. It is of import- 
ance that the water of a peat bog should be renewed, for in 
stagnant water the decomposition of the vegetation would be 
complete, and peat would not be formed; but the water-current 
must be a slow one, and must not remove the debris on which the 
formation of peat partly depends. 

There are found in Picardy two kinds of peat : one compact 
and foliated, which has been produced by the decomposition of 
wood or large plants ; the other light, derived from the Equisetacem 
rushes, and mosses which have grown on the former. This spongy 
peat is sometimes rich in mineral matters, which have been intro- 
duced by floods. These mineral matters, crushed shells and stones, 
make the peat difficult to burn. Such peat {tourbe d cendres) is of 
very inferior value. 

Peat when dug out from the bog can be worked up into a 
soft paste like clay, and moulded into bricks (briquettes) \ these, 
exposed to the air under sheds, rapidly lose most of their water 
and shrink considerably, sometimes to one-sixth of their original 
bulk. When, however, peat ceases to lose weight under these con- 
ditions, it is far from being dry ; it retains a proportion of hygro- 
metric moisture which is the more considerable the poorer the 
peat is in mineral matters. Thus the peat of first quality from 
the Somme retains 10 to 30 per cent, of water after long exposure 
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to air, whilst under the same conditions an ashy peat will retain 
only 5 to 15 per cent. The proportion of moisture retained by 
peat depends also on its physical condition. Thus, when it has 
been well kneaded, then moulded, and dried for six months under 
a shed, peat of the first quality is compact, and contains only 10 
to 14 per cent, of moisture, whilst bulky peat^ under the same 
conditions of exposure may contain 25 to 30 per cent. A satis- 
factory product should be hard and compact, have a density varying 
from 0*45 to 0*7, contain not more than 10 to 15 per cent, of 
moisture, and 5 to 1 5 per cent, of g,sh. 

The peat as soon as it is dug out is treated as follows, according 
to Challeton's process : — It is first thoroughly disintegrated by a 
pulping machine, and then thrown upon an oscillating sieve, which 
allows the pulp to pass through, but keeps back the roots and 
coarse herbaceous fragments, which are utilised as fuel in the boiler 
fires of the establishment. The pulp falls into a wooden tub, 
where it is kept in suspension by a' mechanical stirrer, whilst the 
sand, chalk, and fragments of shells are allowed to settle. This 
apparatus might be replaced by a machine such as is used for 
washing small coal. 

The pulp is now pumped out of the tub into wooden frames 
2'5 m. square and 0'6 m. deep, where the water drains away from 
it; or any other suitable form of filter may be used. When 
sufiiciently drained to be plastic, the peat is moulded by hand and 
the bricks are dried under a shed. Good peat, like that of 
Essonnes or the Somme, which contains neither sand, shells, nor 
more than about 2 per cent, of extraneous mineral matters, can be 
dried without washing. 

A much simpler and wholly mechanical method of treat- 
ing peat has been established by Messrs. Bocquet and B^nard at 
Mareuil. Their process converts the original peat into a homo- 
geneous paste, and yields hard, firm bricks of one quality only. 
Two different modes of procedure are adopted, according to circum- 
stances : (1) If the peat bog is of sufficient size, the whole apparatus 
is put upon it on a fioating dredge. The peat brought up by the 
dredge falls into a mill, where it is converted into a homogeneous 
pulp. This pulp is delivered into moulding trucks, where it is 
shaped into bricks, lightly pressed, and deposited on a drying floor. 
(2) If the bog is not capable of floating a boat, the peat is dug out 
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by an excavator. In this c£ise two parallel tram lines are laid down ; 
one carries the excavator, the other the trucks for removing the 
peat to the factory. The pulp delivered by the mills is run into a 
tilt waggon, which carries it to the moulds, and the bricks are 
treated and dried as before. Challeton's process gives the purest 
product, but is expensive ; by Bocquet and Bernard's process, on the 
contrary, the entire peat is pulped and made into bricks contain- 
ing from 5 to 12 per cent, of mineral matter, and retaining 12 
to 1 5 per cent, of water. When treated by Challeton's process, the 
Mareuil peat loses 50 per cent, in weight by the removal of the 
coarse portions, and retains only 3 per cent, of mineral matter, but 
its price is more than double. Machine pulping, by allowing 
greater compression than is obtainable by hand, reduces to one- 
half the number of bricks obtained from a given quantity of peat. 
Great economy is thus attained, and the bricks keep their shape, 
and their drying being slower they acquire greater density. 

Kolb, by a series of reduction tests with litharge, has deter- 
mined the calorific power of peat from various sources : he finds 
for good dry peat a calorific power of 3100 to 3500 calories 
The calorific power of oak-wood being 3500 calories, and that of the 
best coal about 6000 calories, it is obvious that peat is a very im- 
portant industrial fuel. It may be utilised in four different ways — 

(1) By burning it directly, after removal of its moisture by 
stoving ; (2) by converting it by carbonisation into charcoal, which 
can be used in blast furnaces ; (3) by converting it into producer 
gas, together with inferior fuel, which cannot be used in this way 
alone ; (4) by using it alone in special gas producers. 

By carbonisation in closed vessels, peat yields a hard charcoal, 
60 per cent, of combustible gas, a tar particularly rich in phenols, 
paraffins, and acetic acid, and an ammoniacal liquor containing as 
much as 2 parts of ammonia per 100 of peat. These ammoniacal 
products can be collected even when the peat is converted into 
producer gas. As stated above, coal, when distilled, produces on 
the average 6 kilos. (13 lbs.) of ammonium sulphate per ton ; eau 
vanne, 9 to 10 kilos. (20 to 22 lbs.) per cubic metre; whilst the 
best peat may yield 80 kilos. (176 lbs.) per ton; that of second 
quality, 68 kilos. (150 lbs.); and of third quality, about 40 kilos. 
(88 lbs.) per ton. Peat is therefore the richest raw material, and 
the most advantageous to work for ammonia, as will be seen below. 
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When peat is to be burnt under steam boilers or in metal- 
lurgical furnaces, it must first be deprived of its moisture, and when 
it is to be converted into charcoal this is equally desirable, so as to 
obtain the greatest yield. For drying, the peat must be exposed 
for thirty-six to forty-eight hours to a temperature which must not 
exceed 100° C, for even at 110° or 115°, according to Kolb, decom- 
position commences. Lencauchez has invented a brickwork stove 
which will hold 40 to 50 tons of peat, and which can be heated by 
waste heat from various sources. The description of this ingenious 
apparatus would take us too far from our subject; we therefore 
refer the reader to Lencauchez's treatise on Peat (Lacroix), from 
which we have drawn much information on this subject. 

The well-dried peat can be burnt under boilers, in locomotives, 
or in blast furnaces ; after carbonisation it is employed for domestic 
purposes, or instead of wood charcoal for metallurgy. The manu- 
facture of charcoal from peat can be carried out in a modified 
Knab furnace, worked on the regenerator system. The vapours 
and gases given off are cooled in condensers resembling those of 
gasworks, to allow of the collection of the tar and ammoniacal 
liquor. The quantity of gas obtained is sufficient to keep up the 
heat ; -the gas producer is therefore only used to start the opera- 
tion. Peat charcoal, when drawn from the furnace, must be 
received in extinguishing boxes, or it would continue to burn like 
wood charcoal. When the ammoniacal products are to be collected 
from peat employed in gas producers, as mentioned above, two 
cases arise : one in which the peat is mixed with inferior fuel, -the 
other when it is used alone. In the former case the peat, used 
in the form of bricks, enables three to six times its weight of poor 
fuel, such as small coal, anthracite, etc., to be employed without 
choking, and since the ash of peat is very refractory it tends to 
hinder the formation of clinker, which would obstruct the lower 
part of the grate and necessitate frequent cleaning. The peat 
employed in this case need not be stoved, but may contain 15 to 
20 per cent, of water. When, however, the fuel which is mixed 
with the peat yields very little ammonia, the peat should be dried. 
The gas is then used at once for burning. When, on the other 
hand, the added fuel yields abundance of ammonia, the peat should 
be used without drying, and the gases cooled in a condenser or 
scrubber, with the object of obtaining ammoniacal liquor from 
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which to manufacture ammonium sulphate. To ascertain which 
of the two systems should be adopted, it is necessary to know how 
much ammonia the producer will yield daily with the mixture 
of fuel employed, and to calculate thence the net cost of the 
ammonium sulphate. For this purpose it is sufficient to estimate 
the percentage of nitrogen in the peat and in the added fuel, and 
to calculate the cost according to the composition of the charges. 
This method of using mixed fuel in a producer may be of great 
service in countries where, as in the south of France, Germany, 
and Austria, there exist considerable quantities of lignites and 
anthracites, which can be utilised by mixing with peat. 

When the peat is used alone in the gas producer, it ought to 
be distilled without previous stoving, so as to facilitate the con- 
densation of the ammoniacal products. In this case a special still 
worked in connection with a gas producer is employed when it is 
desired to work up 7 to 1 tons of peat in twenty-four hours ; for 
still larger operations, a producer with a blast may be used, which 
will give six to ten times as much gas as an ordinary producer. 
The peat-still shown in Fig. 24, which we take from Lencauchez' 
work, is constructed to yield large quantities of rich gases. It 
consists of an ordinary gas producer A, above which are situated 
three cast-iron retorts, &, 6, &, into which the peat is charged 
through the hoppers B, B, B. In these retorts the peat first 
becomes dried by the gaseous current, and is then distilled. The 
carbonised residue is pushed down into the gas producer by tools 
introduced through the working doors c, c, c. The gaseous pro- 
ducts, mingled with water vapour and ammonia, are collected in a 
brickwork flue D, from which they pass to a condenser or a 
scrubber, in which they give up their water and ammonia. 

Worked up in this way, peat is capable of competing advan- 
tageously with coal. 

The table below shows the percentage of nitrogen in peat from 
various localities ; of this nitrogen it may be assumed that nine- 
tenths is obtained as ammonia on distillation : — 

Air-dried peat containing 20 per cent, of moisture. Nitrogen 

Peat from Mennecy 2 '4 

,, ,, Vulcaire, near Abbeville 2*09 

,, ,, T^vin (Finisterre) 1*7 

,, ,, Saumiir 0*65 

,, ,, Montoire (Loire Inferieuie) . . . . 0*65 
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l«i ° ' 



82 AMMONIA AND ITS COMPOUNDS 

Assuming the selling price of sulphate of ammonia to be 40 
frs. per 100 kilos. (£16, 5s. per ton), and 20 frs. as the cost of 
production, which may be taken as a maximum, it follows that the 
Mennecy peat, which yields 86 kilos, of sulphate, will leave a 
margin of 17 fr. 20 c. per ton of peat distilled, and of which the 
cost price varies from 17 to 18 frs. The sulphate produced there- 
fore about pays for the peat, and the heating gas is obtained for 
nothing. 

For the peat of Montoire, which is the poorest on the list, the 
margin on the sulphate would be 4 fr. 40 c, to be set against the 
cost of the peat. Taking 12 fr. per ton as the cost of this peat, 
the difference is 7 fr. 60 c. ; and assuming that two tons of peat are 
required to give the same heating effect as a ton of coal, the cost 
as fuel would be 1 5 fr. 20 c, which is less than the cost of a ton 
of coal in most (French) industrial localities. 

Treatment of the Ammoniacal Liquors, — The ammoniacal liquors 
from the distillation of peat are loaded with tar; they are col- 
lected in a brick cistern divided into two compartments, which are 
connected at the bottom. The mixture deposits most of its tar, 
which collects at the bottom of the first compartment, and flows 
into the second, whilst the clear ammoniacal liquor remains in the 
first tank, and is thence sent to the stills. The cisterns are 
covered to prevent loss of ammonia and avoid the production of 
a nuisance. By the side of these tanks there is another, in which 
the weaker liquors are collected which it is intended to return to 
the condensers to be enriched before proceeding to extract the 
ammonia. The apparatus for treating the clarified liquors is shown 
in Fig. 25 ; it consists essentially of four portions — (1) a dephleg- 
mation column A, of cast-iron, for the extraction of the volatile 
salts ; (2) a system of return condensers C, C', for the enrichment of 
the ammoniacal vapours before absorbing them in sulphuric acid ; 
(3) a horizontal cylinder B, with a mechanical stirrer, through 
which steam is passed, and into which the lime for decomposing 
the fixed salts is introduced ; (4) an acid vat for absorbing the 
ammonia. The liquors to be treated are introduced at the bottom 
of the jacket of one of the condensers C ; they become warmed, and 
pass in the same manner through the jacket of the second con- 
denser G\ and are then delivered into the colunm A by the 
syphon a. They there give up their volatile salts and flow down- 
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wards in the column, whilst the vapour increases in richness as ifc 
I'ises, and after passing through the condensers C and C, reaches the 
acid vat The liquor when it reaches the cyliuder B, becomes 



Fio. 25. — Apparatus for the Tretttment of Amnion iacal Liquor. 



A, Caat-iron distillation column for the 

extraction of the volatile ammoniacal 
compounds, and the enrichment of 
the vapour, 
a, Syphon pipe by which the ammoniacal 
liquor eutei's the column. 

B, Cylindrical boiler for ileoomposition of 

the fixed salta by lime, and the at- 
haustion of the liqnoi's. 
h, h, ft, Wrought-iron partitions which com- 
pel the vapour to bubble through 
the liquid. 



mixed with enough lime to decompose the fixed salts completely. 
It gradually parts with its ammonia, and then flows away by the 
syphon S. The apparatus is heated by the waste steam from an 
engine, introduced at V, or by any other steam supply available. 



C, C, Return condensers. 

D, Lime mixer. 

E, Lime hopper. 

F, Mechanical stirrer. 

G, Pipe conveyingtheammoniaoal vapour 

to the acid vat. 
r, r', r", Return pipes for condensed 

S, Escape pipe for exhausted liquor. 
V, Steam supply. 



84 AMMONIA AND ITS COMPOUNDS 

The milk of lime is prepared in D, and is introduced into the 
boiler by the pijie d. The mechanical stirrer F, which runs through 
the whole length of the cylinder, keeps the liquor mixed and 
assists the removal of the ammonia. The cylinder 6 is provided 
with vertical partitions, &, 5, which force the steam to pass through 
the liquid. The mixed vapours which issue from the column pass 
through the two condensers in succession, depositing the greater 
part of their water, which flows back to different parts of the 
column by the pi{)es r, /, r\ whilst the ammonia passes onward 
to an acid vat. Care has to be taken that the temperature of the 
gas issuing from the last coil should not be too low, in order to 
avoid the deposition of ammonium carbonate, which would obstruct 
the pipes. A temperature of 25° to 39° C. is the most suitable. 



CHAPTEK V. 

MANUFACTURE OF LIQUID AMMONIA, SAL AMMONIAC, PHOS- 
PHATES OF AMMONIA, AND CARBONATE OF AMMONIA. 

§ 1. Liquid Ammonia. 

1. Liquid Ammonia is an aqueous solution of ammonia gas of 
greater or less strength and purity. It ^ was formerly always 
manufactured by distilling sal ammoniac with lime; this process 
gave a very pure ammonia gas, which after washing was dissolved 
in water. The high price of sal ammoniac led to the substitution 
of the cheaper sulphate. The decomposition is effected in a 
wrought-iron boiler furnished with a mechanical stirrer, and heated 
by a fire. By using sulphate of ammonia obtained from urine, 
which is free from compound ammonias, a pure product is obtained, 
which is not the case with the sulphate from gas liquor. At 
the present time ammonia is only made from its salts in very 
special cases ; it is usually obtained directly from gas liquor or 
fermented urine. 

2. Tarry Ammonia. — This may be obtained directly from gas 
liquor by Mallet's apparatus, the gases being cooled completely 
before being dissolved in water. Such a product contains tarry 
matters and compound ammonias, which cause it to turn yellowish 
with age, especially if it is exposed to light. It is, however, 
possible to obtain colourless ammonia from gas liquor if the ammonia 
gas is more thoroughly washed before dissolving it in water. 

3. Colourless Liquid Ammonia. — This may be manufactured by 
Mallet's apparatus (Fig. 15), slightly modified: between the heater 
A, and the analyser G, there is inserted a cast-iron distillation 
column F, of seven plates, and beyond the analyser there is a 
special purifier, which will be described further on. Such an 
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apparatus, with boilers 1*6 m. in diameter, and respectively 0*8, 11, 
and 1*35 m. high, is charged every three hours with 400 hecto- 
litres of ammoniacal liquor. The method of work is in general 
that already described, with certain modifications. Thus, the boiler 
C is not in this case charged with gas liquor, but receives only 
the liquids condensed in the heater, column, and analyser. To 
these liquids, which are very rich in ammonia, there is added 
sufficient slaked lime to causticise the whole charge. The vapours 
given off from the boilers D and E bubble through this mixture, 
and thus become completely causticised. The crude gas liquor, 
heated in A, is delivered directly into D, where it becomes mixed 
with the lime from C. The vapours, after passing through the 
heater, rise through the column F, and come in contact with 
the very strong solutions condensed in G. This part of the 
apparatus, which is very thoroughly cooled by water, condenses 
almost the whole of the water vapour, and a large proportion 
of the foreign volatile substances. The passage of the vapours 
from the boiler D through the milk of lime in C causticises the 
volatile ammoniacal salts, which would otherwise contaminate the 
product. The ammonia gas issuing from the analyser is, however, 
not yet pure enough to yield a perfectly colourless liquid ammonia, 
but still contains small amounts of volatile ammoniacal salts, 
neutral substances, and compound ammonias. It is therefore 
passed through a further series of purifiers, shown in Fig. 26, 
before it is dissolved in water. 

This apparatus consists of — (1) a cast-iron column A, 0*45 m. 
in diameter, containing fourteen chambers, and supplied with a strong 
solution of caustic soda by the funnel a ; (2) a similar column B, 
fed with either a vegetable oil or a heavy paraffin ; (3) a tubular 
saturator C, through the tubes of which is passed a current of 
the coldest water obtainable ; (4) a safety vessel D', in which any 
gas which has escaped from the saturator may be condensed. 
The ammonia gas passing through the caustic soda, gives up 
nearly the whole of its impurities, and at the same time the 
last traces of the volatile ammonia salts are causticised, whilst 
the final passage through the oil removes the tarry matters and 
almost the whole of the volatile oily alkaloids. When the solution 
in C has reached the concentration desired, it is drawn out by 
the tap h, the water in D is run down, and any further water 
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required is added by the funiiel H, fresh water ia run into D, 
and the operation is commenced anew. Liquid ammonia thus 
obtained is colourless, and does not darken on exposure to light ; 
it nevertheless contains traces of impurities, which produce a 



Fio. 26. — Mallet's Apparatus Tor Purirjiug and Dissolving AmnionJa Gas. 



I, Column of fourteen plat-es. 

a, Funnel for udding soda. 

!, Column of fouileen plates. 

A, Fuuuel for adding oil. 

!, C, Tubular saturator, cooled by water 

saturated at p. 
), Safety vessel, 
i, Pipe by which the gas arrives at 

the column A. 



, Pipe conveying the gas to 
:, Pipe conveying the gas \> 



H, Safety funnel for running water 



rose or brown colour when it ia mixed with nitric acid. Ammonia 
gas may also be purified by passing it through long eolurans 
filled with light wood charcoal to arrest empyreumatic products. 
The charcoal requires to be reburnt frequently to give satisfactory 
results. 
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To obtain liquid ammonia which will give no coloration 
when mixed with nitric acid, it is necessary to start with sub- 
limed sal ammoniac, or with sulphate made from urine, or the 
concentrated liquors or gases from the apparatus employed for 
working up eanx vannes may be employed directly. The Lesage 
Company manufactures a large quantity of very pure liquid ammonia 
from the crude solution of ammonium carbonate of 16° Bd, 
obtained from the apparatus of Margueritte and Sourdeval. Their 
apparatus consists of three parts — (1) a causticiser ; (2) a purifying 
system; (3) a saturator. The causticiser is an upright wrought- 
iron cylinder A (Fig. 27), with a stirrer which can be worked 
by hand. At the lower part there is a system of closed steam 
coils, V, V^ 

A wide pipe ^, with a rubber sleeve closed by a pinch-clamp, 
allows the vessel to be emptied at the end of the operation. 
The causticiser is furnished with a pipe a, for introducing the 
solution of ammonium carbonate from the lead vat E, a pipe &, 
for the escape of the vapour, and an opening o, for adding lime. 
The purification system consists of — (1) an iron coil B, fixed in 
a tank through which a current of water flows. The steam is 
here condensed to water, which in the vessel C is heated by a 
steam coil Y^\ and returns by the pipe c to the causticiser ; (2) 
a series of three leaden washing vessels, /, l\ V\ containing caustic 
soda lye of 26°, which can be run down from one vessel to the 
other. 

The saturator is a wrought-iron cylinder, S, set in a wooden 
vat kept full of cold water, and containing the water to be 
saturated by the gas which enters by the tubes e and /. Any 
ammonia which escapes absorption passes on to the vessel s. 
The solution is drawn off by the pipes g and h into carboys. 
Several such absorbers are connected with the main pipe c, so 
that the work may be continuous. 

An operation with this apparatus is conducted as follows : — 
Into the causticiser A there is introduced a quantity of milk of 
lime amply sufficient to decompose all the ammoniacal salts in 
a charge of about 250 litres of carbonate solution of 16° Be., 
which is then gradually (during three hours) run into the lime. 
The decomposition proceeds rapidly, and after four hours, heating 
up may be commenced by sending steam first through one coil, 
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and then through both, to drive ofif the liberated ammonia. The 
vapours which escape contain ammonia, ammonium carbonate, and 
steam. The two latter are to a great extent removed by cooling 
in the coil B, and flow back to the causticiser, after a moderate 
heating in C, whilst the gaseous products issuing from C are 
still further purified from the last traces of carbonate in their 
passage through the three caustic soda washers, and finally reach 
the absorber S, where they are dissolved. When drawing off 
the solution, the pipe / is closed by a clip, and the ammonia 
gas sent to another similar absorber. When the charge in A 
is so far exhausted that no more gas passes through the soda 
vessels, the steam supply is stopped, and the contents of A are 
drawn off. They still contain some ammoniacal compounds, as 
it is not advisable to push the exhaustion of the liquors too 
far. They are therefore allowed to clarify, and are neutralised 
by hydrochloric acid, and evaporated, yielding sal ammoniac. 

The liquid ammonia prepared by this process does not become 
coloured when exposed to light, or when mixed with nitric acid. 
It contains only the impurities of the water employed for absorbing 
the gas, and traces of ammonium carbonate. To obtain a perfectly 
pure product, it should be redistilled with a little slaked lime, 
and the gas condensed in distilled water. Pure liquid ammonia 
leaves no residue when evaporated on platinum foil, gives no 
precipitate with calcium salts, and, after acidifying with pure 
nitric acid, does not precipitate silver nitrate. 

In our opinion the three caustic soda vessels of the apparatus 
here described might advantageously be replaced by a small cast- 
iron distillation column, through which the caustic soda lye would 
be allowed to flow. 

Liquid ammonia is lower in density than water ; it is sent out 
of several strengths according to the use for which it is intended. 
Most of it is sold at 22° Cartier ( = specific gravity 0*918), a 
certain amount at 24° Cartier (0*904), and a small quantity at 
28° (0-881). 

Ammonia is employed in medicine as a rubefacient and re- 
vulsive, and to produce vesication. In small weak doses it is used 
as a corrective for alcoholic intoxication, and it is also employed in 
veterinary medicine as a corrective for flatulence. 

In the arts it is used for cleansing woollen fabrics, for mixing 
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with the scales of whiting for the manufacture of imitation pearls, 
for preparing ammoniacal cochineal liquor and archil. The liquid 
of density 0*881 is used in the Carr6 and Lind^ freezing machines 
The greatest consumption, however, is in the manufacture of soda 
by the Solvay process, in which a solution of sodium chloride 
saturated with caustic iammonia is treated with carbonic acid gas. 
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§ 2. Ammonium Chloride (Sal Ammoniac). 

1. Manufacture from fermented urine, — A small amount of this 
salt is obtained by neutralising with hydrochloric acid the solution 
of ammonium carbonate obtained by Margueritte and SourdevaFs 
process for the treatment of eau vanne. This solution is worked up 
by the Lesage Company partly for the manufacture of ammonium 
chloride. The solution of ammonium carbonate is drawn out into 
carboys, which are then placed on a platform by the side of a large 
rectangular lead-lined vat, with a cover and draught pipe leading to 
a chimney. The solution is run down into the vat by syphons of 
glass or lead, whilst simultaneously, from another set of carboys, 
ordinary commercial hydrochloric acid of 18° to -20° B^. is run 
down in such quantity as to keep the mixture neutral. Through- 
out the operation a mixture of carbonic acid and hydrogen sulphide 
gases is evolved, which is carried off by the chimney, whilst the 
temperature of the liquid rises, and unless care is taken ammonium 
carbonate would be lost by volatilisation. The mixture is left 
slightly acid at the end of the operation, and the solution is then 



92 AMMONIA AND ITS COMPOUNDS 

evaporated by passing steam through a coil of lead pipe lying at the 
bottom of the vat. During the evaporation the cover of the vat is 
removed, but temporary wooden flaps are laid on it in such posi- 
tions that the steam is carried off by the chimney instead of 
escaping into the workshop. When sufficiently concentrated, the 
solution is run down into lead-lined crystallisers, where it cools 
slowly and deposits a perfectly white salt. In this operation, metal 
taps, which would be rapidly corroded by the solution, are replaced 
by rubber tubes closed by compression clips. To obtain the salt in 
small crystals, great attention must be paid to the degree of 
concentration of the solution, and the contents of the crystallisers 
must be stirred several times a day. When the crystallisation is 
completed, the mother liquor is returned to the neutralisation vat 
for a subsequent operation, and the salt is removed by wooden 
shovels, drained in baskets, and dried. 

Kuentz has suggested the following method of utilising directly 
the ammonia gas from the distillation columns in which fermented 
urine is treated ; native calcium phosphate is decomposed by hydro- 
chloric acid so as to obtain acid calcium phosphate and calcium 
chloride, Gq.^{VO^\ + 4HC1 = (^q.'R^{VO^\ + 2CaCl2. This mixture 
is then treated in a closed vessel with the ammoniacal vapours from 
the still, which consist mainly of ammonium carbonate with a little 
ammonia, or it may be treated with the concentrated ammoniacal 
liquor. A precipitate is produced consisting of dicalcic phosphate 
and calcium carbonate, which is valuable as a fertiliser, whilst the 
whole of the chlorine is obtained as a solution of ammonium 
chloride, which is separated and crystallised. The uncondensable 
gases are passed through lime and then burnt in a coke fire. 

As far as we are aware, this ingenious process has not been 
practically employed on the large scale. 

2. Manufacture from Gas Liquor, — In England and Scotland 
much sal ammoniac is manufactured from tarry gas liquor, the 
liquor, freed as far as possible from tar by subsidence, being directly 
neutralised by hydrochloric acid and evaporated. The liquors are 
placed in large wooden vats furnished with mechanical stirrers, and 
ordinary commercial muriatic acid is gradually run in ; the gaseous 
products, which in this case carry off some tarry matters, are passed 
through a fire in the usual manner. Much of the tar, which was 
held in solution by the ammonia, becomes insoluble when the alkali 
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is neutralised, and is separated from the liquid by prolonged sub- 
sidence. The clarified liquor, which is strongly coloured, is boiled 
down in cast-iron pans set directly over a fire. A further quantity 
of tar becomes insoluble as the concentration progresses, and is 
removed by skimmers. A small quantity of chalk or lime is added 
to the pans to neutralise free acid and prevent the boilers from 
being attacked. When concentrated to specific gravity 1*25, the 
solution is run down into crystallisers, in which it is stirred three or 
four times a day during the crystallisation to promote the formation 
of small crystals, which are more suitable than large ones for sub- 
liming. The crude ammonium chloride is obtained in granular 
crystals of a deep brown colour, due to the presence of tarry matter. 
It is partially purified by heating it on cast-iron plates, the volatile 
tarry substances and the water being driven off, whilst the remaining 
tarry matter becomes carbonised ; at the same time the ammonium 
sulphate and thiosulphate, which the crude salt always contains, 
are decomposed. By careful working, and constantly stirring the 
mass, this operation can be conducted without appreciable loss of 
ammonium chloride. The greyish product is then sublimed, and 
yields commercial sal ammoniac^ as a white mass, of fibrous structure 
and of a high degree of purity (see below. Chap. v. 6). 

Kuentz has proposed to manufacture ammonium chloride in gas- 
works by treating the crude gas liquor directly with impure ferric 
chloride obtained from pyritic schist and common salt. A weak 
solution of ammonium chloride is thus obtained, together with a 
precipitate of ferric hydroxide mixed with a little sulphur, which 
may be used in the gas purifiers. The gas liquor is treated with 
the ferric chloride solution as long as any precipitate is produced, 
and the mixtiu-e is thrown upon a filter. .The clear filtrate is 
evaporated by waste heat, and the precipitate, mixed with sawdust 
to render it porous, and gently dried, forms a very efficient purifying 
material. In this way, by the use of a very inexpensive material, 
the ammonia in the gas liquor can be completely converted into 
ammoniiun chloride without the evolution of any offensive gases. 
A process for the purification of coal gas has also been adopted in 
France by Mallet, by means of the residual liquor from the pre- 
paration of chlorine, which yields a precipitate of manganese 
carbonate and sulphide, with ferrous sulphide, and a solution of 
ammonium chloride. Many of the processes employed for working 
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up gas liquor or fermented urine yield a product containing 14 
to 18 per cent, of ammonia in the form of carbonate. Anj of 
these liquors can be used for making ammonium chloride by the 
same process as that adopted in the case of the product from 
Margueritte's ap]>aratus. 

Kuentz has also suggested, as a means of avoiding the evolution 
of gas during the neutralisation of these solutions, to treat them in 
the cold with a solution of calcium chloride, and pass the mixture 
through a filter press. The filtrate, feebly acidified by hydro- 
chloric acid, is then evaporated. This process would seem to be an 
economical one, if the almost valueless calcium chloride from the 
ammonia-soda process is employed. 

The solutions of ammonium chloride are always evaporated in 
metal pans, either by direct fire, as in England, or by steam. If 
iron jians are employed, the metal is acted on, and a double chloride 
of iron and ammonium is produced, which volatilises when the salt 
is sublimed, and gives a coloured product. This inconvenience may 
be obviated by the addition of acid calcium phosphate, which forms 
non-volatile ferric j^hosphate, or by evaporating the solutions in 
leaden vessels. 

The ammonium chloride employed for charging the Leclanche 
batteries used in telegraphy, must be free from lead. To prepare 
it for this jjurpose, it must be freed from heavy metals by treating 
the solution with ammonium sulphide, and filtering before it is left 
to crystallise. 

3. Ammonium Chloride from the distillation of Animal Matter, — 
Laming has proposed to purify the distillate obtained in the manu- 
facture of bone charcoal by means of fatty oils, and to treat the 
purified liquors with calcium chloride. A process has also been 
worked out by J. B. Divis, which yields a product pure enough to 
be used without subliming. The distillate is left at rest in wooden 
vessels for three or four days, and the tar which collects at the 
surface is skimmed off. The liquor is then gently heated and 
mixed with a strong solution of calcium chloride, in such quantity 
that the solution just ceases to effervesce with hydrochloride acid, 
excess being carefully avoided. The precipitate of calcium carbonate 
carries down the impurities, and after pressing can be used as a 
manure, whilst a solution of ammonium chloride of fair purity is 
obtained. The solution, which is slightly yellowish, is boiled up^ 
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skimmed, and filtered hot through a mixture of coke and wood 
charcoal, supported by a layer of straw, in a wooden vat 1*25 to 
1*5 m. high, and 0*45 to 0*6 m. in diameter. The filtered liquor 
is evaporated in a shallow pan, furnished with a cover and draught- 
pipe leading to a chimney to remove the offensive vapour. Fresh 
solution to run in as the evaporation proceeds, and when the 
surface becomes covered with a saline crust the evaporation is 
stopped^and the ammonium chloride which has salted out is re- 
moved to conical moulds resembling those used in sugar refining. 
The contents of these moulds are stirred to promote the formation of 
small crystals, and when crystallisation is complete the points of 
the moulds are pierced, the mother liquor allowed to drain away, 
and the crystals washed by percolation with a saturated solution of 
the salt, obtained by removing the upper portion of the crystalline 
mass to a depth of about an inch, and dissolving it in water. Two 
more washings are given with solutions of white salt ; the contents 
of the moulds are then turned out, crushed with a wooden pestle, 
and allowed to dry. The mother liquor and the first washings are 
boiled down; later percolates are used for the first washings of 
fresh charges. The ammonium chloride obtained is of a high 
degree of purity, being free from calcium and iron, and having only 
a faint tarry odour. 

4. Manufacture from Ammonium Sulphate, — From the year 
1795 sal ammoniac and sodium sulphate were manufactured by 
Payen at Grenoble by decomposing common salt with a hot solution 
of ammonium sulphate of 21° Be. ; the sodium sulphate crystallises 
out, leaving ammonium chloride in solution. For the manufacture 
of sodium sulphate this process has long been displaced by more 
economical methods. The reaction has, however, been utilised in 
England more recently for the manufacture of ammonium chloride 
from gas liquor. The ammonia in the gas liquor is concentrated by 
distillation and neutralised by chamber sulphuric acid, and to the 
solution so obtained sodium chloride is added. On boiling down 
the mixture the less soluble sodium sulphate salts out, and is 
fished from the evaporating pans, drained, and washed, to free it 
from adhering ammonium chloride. When saline crusts begin 
to form on the surface of the liquid, the concentration is stopped ; 
the liquid is left at rest to deposit the sodium sulphate, and the 
solution is run into lead-lined crystallisers. After cooling, the 



96 



AMMONIA AND ITS COMPOUNDS 



mother liquor is run off, and the crystallised salt is dried and 
sublimed or purified by recrystallisation. 

The following table shows the solubility of ammonium chloride 
in water at various temperatures : — 
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5. S^tblimation, — Ammonium chloride obtained by any of the 
above processes may be purified by sublimation. Originally 
obtained from Egypt and certain Asiatic localities, sal ammoniac 
was brought to Europe as early as the seventh century, in cakes 
with a fibrous fracture, more or less stained with empyreumatic 
substances. At the present day two modes of sublimation are in 
use. The French method yields small white or grey cakes, which 
resemble in appearance those brought formerly from Egypt, and for 
which there is a constant demand, whilst the English method 
produces larger and thicker crusts. 

The dried salt, when heated, volatilises, and the vapour con- 
denses on the cooler parts of the vessel, forming a white translucent 
layer. In this operation it is essential that the temperature should 
be constantly maintained at the point at which the sublimation 
proceeds slowly : at too high a temperature a considerable loss 
would be incurred, the cake would not possess the correct texture, 
and would be contaminated by empyreumatic products, resulting 
from tarry matters which were not destroyed by the roasting. 

In England the sublimation of ammonium chloride obtained 
from gas liquor is carried out in large cast-iron subliming pans lined 
with fire-brick, and furnished with cast-iron covers, which are fixed 
down by keys, so as to make a tight joint capable of resisting the 
internal pressure developed during the sublimation. It is on the 
under side of these covers that the sal ammoniac is deposited, in a 
layer 4 to 6 in. thick. The pans used are from 3 to 9 ft. in 
diameter, and take charges of 1 to 9 tons each. The covers can be 
raised by a chain pulley afl&xed to the roof. 
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When a pan has been chained and covered, it is at firet 
heated rapidly to the temperature of sublimation, after which 
the heat is regulated so that the operation proceeds slowly and 
uniformly. A small hole in the cover allows the escape of the air, 
with small quantitieB of gas and steam ; it is closed by an iron plug 
as soon as fumes of sal ammoniac appear. To prevent the covers 
from cooling too rapidly, a layer of sand or ashes is placed upon 
them. The operation is not continued long enough to sublime 
the entire chaige, as impurities accumulate in the last portion, and 
would, if volatilised, injure the colour of the product. "When a 
sufficient quantity of this impure residue has accumulated from 
successive chains, it is removed and washed, and the solutions are 



Fia. 2S. — Furnace for the subliinatioa of sal ammoDiac ia pots. 

added to those in the evaporating pans. A sublimation lasts about 
a week : when the pan has cooled sufficiently, the cover is raised, 
the crust is detached, and any portions coloured by contact with the 
iron are removed, and returned to subsequent operations. 

In France the sublimation is always performed in earthenware 
pote 0'5 m. h^h and 03 to 035 m. in diameter. Fig. 28 shows 
the arrangement adopted. The pots, twenty in number, are arranged 
in two rows on the arch of a furnace, where they are exposed 
to the flames rising through the apertures 0, 0. The top of the 
furnace is formed by a cast-iron plate F, F, through holes in which 
the pots are introduced, and which confines the heat to the lower 
two-thirds of their height. On this plate lies a layer of sand, which 
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can be heaped over the pots when required. The pots, first coated 
with a clay lute, are dried in the subliming house ; they are then 
charged with crystallised ammonium chloride as dry as possible, 
set in the furnace and covered with sand. The heat is then raised 
slowly, to avoid cracking the pots. Steam is at first given oflf from 
the openings S, S, and when thick white vapours of sal ammoniac 
appear, an ordinary flower-pot p is inverted over each openiDg to 
condense them. 

The operation is carried on as in the English process : the sal 
ammoniac is deposited in the upper parts of the pots at A, A, and 
in the flower-pots p^p \ and gradually closes up the openings, so that 
towards the end of the operation, when the temperature has to be 
somewhat raised to give the product the requisite texture and trans- 
lucency, an internal pressure is caused in the pots. To obtain cakes 
of sufiBcient weight, it is necessary to recharge the pots several times. 
The hole is therefore cleared out with a tool like a centrebit, and 
the whole operation is repeated as at first. After two or three 
charges the cakes will have reached the greatest attainable thick- 
ness : the pots are allowed to cool and are broken to get out the 
sublimed cake, which, if the original salt was free from iron and 
tarry matter, will be found to be perfectly white and of higher 
purity than that made in iron subliming pans. If it is desired to 
obtain a grey sublimate, which some consumers prefer to the white 
one, a little fat is thrown into the pot from time to time during the 
sublimation. In some works, glass vessels, which are cheaper than 
the earthenware pots, have been employeiJ. The sublimation of sal 
ammoniac, especially by the French process, is a costly operation, 
whence the price of the sublimed salt is considerably higher than 
that of the crystallised salt. An attempt was made some years 
ago by the Lesage Company to replace the sublimed salt by a 
cheaper product, in the form of cakes 1 in. thick and 4 in. in 
diameter, obtained by strongly compressing the crystallised salt; 
but it did not meet with acceptance, and the manufacture was not 
continued. 

§ 3. Ammonium Phosphates. . 

Phosphoric acid HgPO^, forms three compounds with ammonia, 
the normal or neutral phosphate (NH4)8P04, the diammonic, or 
intermediate phosphate (NHJgHPO^, and the monammonic, or acid 
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phosphate (NH4)H2P04. The first of these salts is not manufac- 
tured commercially; the two others, especially the intermediate 
phosphate, are now commercial products. The acid phosphate has 
been manufactured for many years, but it was not until 1871 that 
Liagrange, having utilised this salt in sugar refining, found its 
preparation on the large scale necessary. The manufacture was 
taken up by Storck at Asni^res, and the article is now sent into the 
market in a perfectly pure state. The acid ammonium phosphate 
is prepared by treating acid calcium phosphate with ammonia and 
evaporating and crystallising the filtered solution ; the intermediate 
phosphate, by adding ammonia to a concentrated solution of the 
preceding. 

We take the following details of the manufacturing processes 
from the account published by Lagrange: — 

Acid calcium phosphate is prepared by treating finely powdered 
apatite or phosphorite with an equal weight of concentrated 
sulphuric acid in a cast-iron mixer with a mechanical stirrer. 
The mixture heats considerably and gives off gases rich in hydro- 
fluoric acid, which are carried off by a chimney. After six hours, 
the pasty mass, consisting of calcium sulphate, acid calcium 
phosphajbe, phosphoric acid, and the excess of sulphuric acid, is 
submitted to systematic extraction with water. For this purpose 
it is divided between four vats of equal capacity, each of which 
is furnished with a steam pipe. The contents of the first vat are 
• thinned with water, or the weak washings from a previous opera- 
tion, and are boiled up by steam. The solution is separated from 
the insoluble matter by filtration -through wicker baskets lined with 
filter cloth, and is passed in succession through the three other 
vats, boiling up in each of them. The residue on the filters is 
washed with boiling water and pressed. It consists almost entirely 
of calcium sulphate. The solution from the fourth vat, which 
marks 25° Be., and contains free phosphoric acid, acid calcium 
phosphate, calcium sulphate, and a little sulphuric acid, is treated 
with a small excess of barium carbonate, which removes the 
sulphuric acid completely. The clarified solution, now containing 
nothing but acid calcium phosphate, free phosphoric acid, and a little 
acid barium phosphate, is mixed with a small excess of ammonia, 
when all the calcium is precipitated as tribasic phosphate, which after 
washing is returned to the apatite mixer. The filtei^ed liquid is a 
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solution of monammonic phosphate, which has now to be converted 
into the diammonic salt. If the operation has been carried out as 
described, this liquor will have a density of 20** Be., and this 
strength is necessary for the precipitation of the diammonic salt, 
which is effected by running the solution into small crystallisers, 
simultaneously with liquid ammonia of 22° (specific gravity, 0*918), 
employing 1^ equivalents of ammonia for 1 equivalent of ammonic 
phosphate. The diammonic phosphate crystallises out as the solu- 
tions mix. The crystallisers must be covered to avoid loss of 
ammonia from the elevation of temperature which ensues. After 
cooling, the crystals are drained and pressed, whilst the mother 
liquor is distilled to recover the ammonia, which is used over again. 
The pressed crystals consist of pure diammonic phosphate, which is 
employed in Lagrange's sugar-refining process. 

§ 4. Ammonium Carbonates. 

Three ammonium carbonates are believed to exist, the normal 
and acid salts, and the sesquicarbonate formed by the combination 
of the two former, but of these the normal salt has never been 
isolated, in consequence of the readiness with which it parts with 
its ammonia. It is therefore only known in solution, and the 
prismatic crystals which separate from an alcoholic solution of the 
sesquicarbonate, saturated with ammonia, are the simple sesqui- 
carbonate. The bicarbonate or acid carbonate is obtained by 
saturating an aqueous solution of the sesquicarbonate with carbonic 
acid. When commercial ammonium sesquicarbonate is treated 
with small quantities of water or alcohol, neutral carbonate is 
dissolved out, and a residue of bicarbonate, which is insoluble in 
alcohol, is left. On exposure to air the sesquicarbonate loses 
ammonia and is converted into the acid carbonate ; the latter 
slowly volatilises, giving off an ammoniacal odour. It crystallises 
from water in large orthorhombic prisms. Ammonium bicarbonate 
has been met with in crystalline masses, of yellowish white colour 
and density 1*45, in the guano deposits of Peru, Chili, and the 
western coast of Patagonia. 

Ammonium Sesquicarbonate : preparation from Animal Matter. 
— Pure ammonium sesquicarbonate is obtained by dissolving the 
commercial carbonate in caustic ammonia and allowing the solution 
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to crystallise : it separates in large orthorhombic prisms, which on 
exposure to air become opaque, and are converted into the bi- 
carbonate. The commercial article {ml volatile) consists chiefly of 
the sesquicarbonate. 

When animal matters, such as bone, horn, leather clippings, or 
muscular tissue, are submitted to dry distillation, the organic matter 
is decomposed and yields ammonium carbonate mixed with a little 
sulphide, water, and complex oily products. The quantity of 
ammonium carbonate thus obtained varies with the nature of the 
raw material, with the mode of distillation, the temperature 
employed, and the perfection of the condensation. Ammonium 
carbonate, which is the principal product, is partly deposited in the 
solid form in the coolers, if dry materials have been employed and 
water has not been added to assist the condensation. The product 
thus obtained, in crusts, stained yellow by the presence of tarry 
matter, was formerly known as scdt of hartshorn, whilst the aqueous 
solution obtained at the same time was called spirit of hartshorn. 
The purification of these products is long and difiBcult. Sublimation 
is the only method applicable ; it yields a product containing traces 
of empyreumatic substances, which is known in pharmacy as 
amnioniacum carhonicum pyro-oleum. This product may be com- 
pletely freed from its impurities by mixing it with animal charcoal 
and resubliming. It is then white, translucent, and fibrous, has an 
ammoniacal odour and caustic taste. 

These operations being costly, it is preferable to convert the 
impure carbonate, obtained as we have described in Chap. III., 
into sulphate, and from this obtain the pure carbonate at once. 

Either ammonium chloride or sulphate, mixed with twice its 
weight of chalk, may be used. The mixture is heated in a cast-iron 
retort, connected with a leaden receiver cooled by water. The 
mixture is gradually heated to dull redness ; ammonia, water 
vapour, and ammonium sesquicarbonate are evolved, and the last 
condenses as a white mass in the receiver. The addition of a little 
wood charcoal ,to the retort charge improves the colour of the 
product. 

English Process. — In England, ammonium carbonate is manu- 
factured from the crude chloride obtained by neutralising gas liquor 
with hydrochloric acid. The crystallised salt thus obtained is dis- 
tilled with twice its weight of chalk in horizontal cast-iron retorts 
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2 iiL long and 0*5 m. wide, similar to those in use for making 
coal gas. These retorts, of which three to five are set in the 
same famace, are connected by large cast-iron pipes with two 
small leaden chambers, 2 m. high, 2\ m. long, and 0*75 m. wide, 
arranged in series, and employed as condensers for the ammoniimi 
carbonate. Each of these chambers has one of its sides movable, 
for the removal of the product, and there is a small pipe which 
allows the escape of a little water vapour and a solution of 
ammonium carbonate, which is collected and returned to the 
process. The materials employed must be thoroughly dry, and 
during the whole of the distillation the mixture must be stirred 
by a rod passing through an opening in the door of the retort. 
As ammonium carbonate begins to sublime at about 50"" C, the firing 
must be done with care and regularity. As soon as a charge is 
exhausted it is drawn from the retort and a fresh one introduced, 
and the sublimation proceeds for fourteen or fifteen days before the 
receivers are opened to remove the product. The condensed car- 
bonate forms crusts, somewhat coloured by tarry matter, and rendered 
impure by small quantities of lime salts carried over by the current 
of gas. It is purified by a resublimation, conducted very slowly in 
cast-iron pots, 0*33 m. in diameter and 0'75 m. high, covered with 
leaden domes, and heated by the flue gases of the retort furnaces. 
These pots are sometimes replaced by large pans, 4 or 5 m. long, 
0*75 m. wide, and 0*75 m. deep, covered with cast-iron plates luted 
on air-tight, and pierced with eight circular holes 0'33 m. in 
diameter, on which the leaden domes are adjusted. The crude salt 
from the chambers is placed in the tank with a certain quantity of 
water, and the leaden domes having been put in their places, the 
boiler is gently heated, the heat being controlled by observing a 
thermometer inserted into the dome the most distant from the fire. 
The operation lasts fourteen days, and the ammonium* carbonate is 
then found in the domes in the form of white, translucent, fibrous 
crusts, which only require the removal of the surface which has 
been in contact with the metal. The liquid remaining in the pan 
receives a new charge of the crude salt, and a fresh sublimation 
is commenced. 

Uses. — Pure ammonium carbonate is used in medicine, and 
as a baking powder in making pastry to give lightness to the 
paste. It may be used for the preparation of any other salt of 
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ammonium, and in common with caustic ammonia it may be 
employed for the removal of grease from fabrics, and for develop- 
ing the dyes obtained from lichens. Its chief use is, however, 
for the decomposition of sodium chloride in the manufacture of 
sodium carbonate. 



CHAPTER VI. 

RECOVERY OF AMMONIA FROM THE RESIDUAL LIQUORS 
OF THE MANUFACTURE OF SODA BY THE AMMONIA 
PROCESS. 

§ 1. General Considerations. 

The manufacture of soda by the ammonia process is based on the 
reaction which occurs between solutions of sodium chloride and 
ammonium bicarbonate. As shown by the equation NaCl + 
NH4HCO3 = NaHCOs + NH4CI, there is obtained a precipitate of 
sodium bicarbonate and a solution of ammonium chloride. The 
actual composition of the mother liquor from the precipitated 
bicarbonate is, however, much more complex. It actually contains 
ammonium chloride, ammonium carbonate, sodium bicarbonate, and 
the excess of sodium chloride added intentionally. It would be 
uneconomical to treat these mother liquors at once with lime for 
the recovery of the ammonia they contain, since lime would be 
wasted by combining with the carboilic acid of the ammonium 
carbonate and sodium bicarbonate, and the carbonic acid of these 
salts would also be lost. 

If, however, these mother liquors are distilled, the ammonium 
carbonate and the carbonic acid of the sodium bicarbonate are both 
recovered ; for, on heating, an inverse reaction between ammonium 
chloride and sodium bicarbonate takes place, with production of 
sodium chloride and ammonium bicarbonate: NH^Cl + NaHCOj 
= NaCl + NH4HCO3. Since the mother liquors contain 6 per 
cent, of sodium bicarbonate, this recovery of carbonic acid is of 
considerable importance. After distillation, the mother Uquor 
contains only chlorides of ammonium and sodium, and can now 
be treated with lime for the recovery of the ammonia. Both the 
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free and carbonated ammonia are passed into condensers containing 
solution of sodium chloride. There is thus obtained an ammoniacal 
brine which is used for a fresh preparation of sodium bicarbonate. 
The residuary liquors, which contain only calcium and sodium 
chlorides, lime, and impurities, are run to waste. 

§ 2. Apparatus of Schlcesing and Eolland. 

This apparatus, which fulfils the conditions which we have 
pointed out for the treatment of the residual ammoniacal liquors, 
is shown in Fig. 29 ; it consists of five distinct parts — 

1. A vessel called the littU still No, 1, in which the liquor is 
deprived of its carbonic acid. 

2. A similar vessel, called the little still No. 2, for the 
elimination of carbonic acid and ammonia. 

3. The lime mixer ^ in which the liquors from 1 and 2 are 
mixed with lime. 

4. The large stilly in which the liquors are completely freed 
from ammonia. 

5. The crnvdensevy not shown in the figure, consisting of two 
concentric cylinders strongly cooled with water, in which the 
water vapour carried off by the ammonia gas from the large still 
is condensed and returned to the column by the pipe t. 

Each part of this apparatus is heated independently by steam 
introduced at Vj, Vg, Vg. The gases which escape by the 
openings Sg, S3, are passed separately into a tank containing sodium 
chloride solution, where they are condensed ; those from Sj, which 
consist mainly of carbonic acid, are collected in a counterpoised 
gasholder. 

The mother liquor is run into the apparatus in a constant 
stream by the syphon tube T^. As it passes downward from one 
shelf to another, and meets the current of steam travelling in the 
opposite direction, it is heated to such a temperature (50° to 60° in 
the upper compartment) that it parts with carbonic acid containing 
only a small quantity of ammonia. It then passes by the syphon 
tube T2 into the second still, where it meets with sufficient steam 
to maintain a temperature of ebullition in all the compartments. 

When it reaches the bottom of the second still, the liquor is 
practically free ' from ammonium carbonate ; it then flows by the 
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siphon tube T^ iato the lime mixer. This is a wrooght-iron 
horizontal cylinder containing a mechanical stirrer which revolves 



Flo. 29.— Apparatus of Schltesing and RoUaod. 

slowly. Slaked lime, introduced through K in a thick paste, ia 
propelled into the vessel by the screw A revolving- in a horizontal 
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cylinder at such speed as always to keep an excess of lime in 
the mixture. Samples are removed at intervals to insure the 
fulfilment of this condition. The paste of lime in the hopper 
K forms a sufficient obstacle to any loss of ammonia by that 
channel. The liquor, mixed with lime, passes then by the pipe 
T4 into the large still, which is a wrought-iron column of eight 
compartments, constructed with a special view to its being readily 
cleaned out. The lime, which gradually settles on the plates 
would eventually obstruct the column altogether ; and it is found 
necessary to clean it out at least once a week, for which purpose 
a workman enters through the manhole Z, and through similar 
openings at m, n, 0, etc., is able to pass through all the compart- 
ments. The liquor, when it has passed through the column, escapes 
by the pipe T5, completely deprived of ammonia. 

The apparatus just described would appear to fulfil the con- 
ditions required by the problem, in so far as it separates the 
operations of the simple distillation and the treatment with lime, 
whilst being continuous in its work; but it is nevertheless open 
to many objections. The adjustment of the three supplies of steam, 
Vi, V2, V3, is one diflficulty: the separation of the functions of 
the two small stills Nos. 1 and 2 is by no means indispensable ; 
it would be simpler to distil over the carbonic acid and the 
ammonia existing as carbonate at one operation. Further, the 
introduction of a paste of slaked lime into a boiling solution rich 
in ammonium chloride, produces a violent and irregular evolution 
of ammonia gas, which disturbs the steady progress of the 
operation. This difficulty has been recognised by Schloesing and 
EoUand, who suggest the partial cooling of the lime cylinder by cold 
water. Grave inconvenience is also caused by the column becoming 
choked with the lime mud. Finally, the wrought-iron of which stills 
1 and 2 are constructed, is rapidly corroded by the boiling solution 
of ammonium chloride : cast-iron would probably last longer. 

§ 3. Apparatus of the Socikt]^ Anonyme des Pkoduits 

Chimiques de l'Est. 

This company, which has an alkali works in the suburbs of 
Nancy, has recently patented an apparatus which solves the same 
problem in a simpler manner, and avoids the inconveniences which 



Fig. 30. — Apparatus of the Soci^t^ Anonyme des Produita Chimiquea. 



Fio. 31. — Coues piled up 
Description of Figa, 
A, B, Caat-iroD stills for driving oil' tarbouie 

BCid and ammonia. 
C, D, Lime boilers, in whieh the liquors are 
treated after passing ihrongli A and 

E, Pipe which conveys the steam from D to C. 

F, Pipe which conveys the steam from C to B. 

G, Pipe which conveys tlie steam from B to A. 
H, Pipe which conveys the steam from A to 

the first compartment of the collector N. 
K, Pipe for ninning down milk of lime from 

the vat 0. 
U, Separator, in which the water carried off 

b; the ammonia gas condenses, and from 

which it fiowB into the collector K. 
K, Collector, partitioned into conipartmenta, 

from which the vapours pass successively 



in the Boilers C and D. 

30 and 31. 

into the tubes mi, jji, m of the separator, 
and from which the condensed water 
flows through T, into the boiler A. 

)(', Limit!) within which the level of the 
liquor in C is kept. 

Hi, Stop-cocks by which the contents of C 
are ran into D, and those of D are 






;e of the motber liquor t< 
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we have pointed out. This apparatus, shown in Fig. 30, consists 
essentially of three parts — 

1. The cast-iron stills A and B, the number of which may 
be increased to three, in which the liquors are deprived of their 
carbonic acid and ammonium carbonate. These boilers may be 
replaced by a column, also of cast-iron. 2. The lime stills C and 

D. 3. The separator M, with its collector N. The boilers C 
and D contain a number of hollow cast-iron cones, piled one on 
the other, the lower edges of which are deeply serrated, as shown 
in Fig. 31. The steam, which enters these vessels by V and 

E, displaces the liquid from the cones, and, escaping through the 
notches, bubbles up through the liquid, and is subjected to a 
very exhaustive scrubbing. This ingenious arrangement altogether 
prevents any choking by the lime or other insoluble matter, since 
these substances are very perfectly kept in suspension by the 
action of the steam, and when the contents of the stills are drawn 
off, the insoluble deposit readily falls from the surfaces of the 
cones, which have a slope of 60°. Actual incrustations, due 
to the calcium sulphate, which is always present in brine, only 
require to be removed at intervals of two or three months, 
for which purpose the dome-shaped tops of the stills are lifted 
off, the loose cones taken out, hammered and replaced ; the whole 
operation being extremely simple and rapid. 

The mother liquoi's from the soda carbonating vessels enter 
in a continuous stream by the pipe T, fed by a constant-level 
reservoir. From the chamber N they pass to the boiler A by 
the pipe T^, and to B by Tg. When the partially exhausted liquor 
in C stands at the level n, a thick cream of lime is introduced 
by the pipe K, the quantity of lime introduced being more than 
sufficient to decompose all the ammonium chloride in a quantity 
of the mother liquor, which would occupy the space from n to in!. 
The lime can be added to a nearly exhausted solution without 
producing any violent or irregular evolution of ammonia gas, and 
as the boiler fills up from n to n\ by the continuous arrival of 
fresh solution by the pipe t, the decomposition by the excess of 
lime takes place gradually. When the mixture arrives at the 
level n\ it is drawn off to the level n into the boiler D, which 
has just previously been emptied of its exhausted contents. Steam 
is introduced into the apparatus at one place only by the stop-cock 
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Y. It first expels the last traces of ammonia from the contentB 
of the boiler D ; the mixture of ammonia and steam then passes 
in succession through C, B, A, and N. At this last point the 
vapour consists almost entirely of ammonia and carbonic acid, 
with very little water ; the latter is condensed whilst passing 
through the cooled pipes m, m of the separator M (Fig. 32), 
and flows back into the collector N. This vessel is provided with 
vertical partitions, which dip to a certain depth only into the liquid : 



Fia. 32. — The Separator and Collector in Plan and Section. 

H, Pipe through which the vapours enter Che : q, q. Compartments formed by vertical par- 
first compartmBnt of the collector N. titiona dipping into the condensed 

<", ni, Condensing tubes. liquid. 

N, Collector which directs the gaseous current ' T, Pipe for entrance of the liquor to be 

into the tubes of the se]>ariitor, and re- j treated. 

ceiveB 'Cos condensed liquid from them. : Z, Exit for ammonia and ammonium carbonate. 

they serve to direct the gaseous current into the pipes, whilst allowing 
the liquid to flow towards the end, where the pipe T^ removes it. The 
ammonia and carbonic acid which issue from the last compartment 
of the collector are conveyed by the pipe Z to a brine reservoir. 

Such an apparatus as the one we have described, with the 
boilers C and I> 2 m. in diameter, and the former with a 
cylindrical portion 2 m. high, can exhaust in twenty-four hours 
40 cm. of mother liquor containing 9 per cent, of ammonia. 
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Press Opinions. 
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GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 

Lond., F.I.C. Fourteen Engravings. 144 pp. Demy Svo. 1900. Price 
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World — Their History, Geography and Geology — ^Annual Production) 
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Physical Oe^raphy and Geology of the Galician Oil Fields. — V., Practical Notes on Galician 
Land Law — Economic Hints on Working, etc. — VI., Roumania — History, Geography, Geology. 
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Part III., Methods of Borinfif.— Chapters XXL, Methods of Oil-well Drilling or Boring. 
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System of Drilling with the Rope. — XXIX., Hydraulic Boring with the Drill by Hand and 
Steam Power. — XXX., Rotary Drilling of Oil Wells, Bits, Steel-crowned Tools, Diamond 
Tools — Hand Power and Steam Power — Hydraulic Sand-pumping. — XXXI., Improvements 
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Part IV., Accidents. — Chapters XXXII., Boring Accidents — Methods of preventing them 
— Methods of remedying them. — XXXI II., Explosives and the use of the "Torpedo" Leviga- 
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Part v., Qeneral Data.— Customary Formuls.— Memento. Practical Part. General 
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Copious Index. 
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of all who desire a knowledge of petroleum." — Liverpool Journal of Commerce. 

" The book will undoubtedly take a high place in the literature of petroleum." — Liverpool 
Post. 
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A DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
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8vo. 380 pp. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

The names of the Chemicals and Raw Products are arranged in alphabetical order, and 
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Gums — Gypsum — Indian Red — Japanese Lacquer — Lac — Lakes — Lamp Black — Lead Com- 
pounds — Lmseed Oil — Magnesia — Manganese Compounds — Mica — Nitric Acid— Ochres — 
Orange Lead — Orr's White — Paraffin — Prussian Blue — Rosin Oil — Sepia — Sienna — Smalts — 
Sodium Carbonate — Sublimed White Lead — Sulphuric Acid — ^Terra Verte — Testing Pigments 
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" This treatise will be welcomed by those interested in this industry who have not securnl 
the full advantage of a course of scientific training." — Chemical Trade Journal. 

** In concise and lucid terms almost every ingredient used in paint and colour manufacture 
is described together with the methods of testing their intnnsic and chemical value." — 
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**Such a book of reference for paint, colour and varnish manufacturers has long been 
needed." — Manchester Courier. 
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Preparing Siccative Drying Oils. — II., impressed Air; Whitewash. — III., Liquid Air; Retro- 
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THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters* Colours, Enamel, Soot and Me- 
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XXXIX., Black Pigments. — XL., Manufacture of Soot Pigments. — XLI., Manufacture of 
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XLVIL, Vegetable Bronze Pigments. 
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The Testing of Dye-Woods.— LXXIII.,The Design of a Colour Works.— LXXIV.— Commercial 
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Centigrade and Fahrenheit Thermometer Scales. — Index. 
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30NE PRODUCTS AND MANURES : An Account of the 
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Section of Drying-House — Specification of a Glue — Size — Uses and Preparation and Composi- 
tion of Size — Concentrated Size. — III., Properties of Gelatine — Preparation of Skin Gelatine 
— ^Washing — Bleaching — Boiling — Clarification — Evaporation — Drying — Bone Gelatine — Se- 
lecting Bones — Crushing — Disserving — Bleaching — Boiling — Properties of Glutin and Chondrin 
— ^Testing of Glues and Gelatines. — IV., The Uses of Glue, Gelatine and Size in Various 
Trades — Soluble and Liquid Glues — Steam and Waterproof Glues. — ^V., Manures — Importation 
of FoodStuffiB — Soils— Germination — Plant Life. — VI., Natural Manures — Water and Nitrogen 
in Farmyard Manure — Full Analysis of Farmyard Manure — Action on Crops — Water-Closet 
System — Sewage Manure — Green Manures. — VII., Artificial Manures — Bones — Boiled and 
Steamed Bones — Mineral Phosphates — English Coprolites — French and Spanish Phosphorites 
— German and Belgian Phosphates — Basic Slag — Guanos Proper — Guano Phosphates. — ^VIII., 
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Manure for Garden Stufib, etc. — Special Manure for Grass Lands — Special Tobacco Manures 
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Press Opinion. 

" We can with confidence recommend the perusal of the book to all persons interested in 
the manufacture of artificial manures, and also to the lai^e number of formers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the best 
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Part II., Balsams — Introduction — I>efinitton8 — Canada Balsam — Copaiba Balsam — Angos- 
tura Copaiba Balsam — Balia Copaiba Balsam — Carthaf^ena Copaiba Balsam — Maracaibo 
Copaiba Balsam — Maturin Copaiba Balsam — Gurjum Copaiba Balsam — Para Copaiba Balsam 
— Surinam Copaiba Balsam — West African Copaiba Balsam — Mecca Balsam — Peruvian 
Balsam — ^Tolu Balsam — Acaroid Resin — Amine — Amber — African and West Indian Kino — 
Bengal Kino — Labdanum — Mastic — Pine Resin — Sandarach — Scammonium — Shellac — Storax 
— Adulteration of St^^rax Liquidus Crudus — Purified Storax — Styrax Crudus Colatus — Taca- 
nuhac — Thapsia Resin — Turpentine — Chios Turpentine — Strassburg Turpentine — Turpeth 
Turpentine. Qum Resins — Ammoniacum — Bdellium — Euphorbium — Galbanum — Gamboge 
— Lactucarium — Myrrh — Opopanax — Sagapenum — Olibanum or Incense — Acaroid Resin — 
Amber — Thapsia Resin. — Index. 
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MANUFACTURE OP PAINT. A Practical Handbook for 
Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 1901. 200 pp. Sixty Illustrations and One 
Large Diagram. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
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Part I.. Chapters I., Preparation of Raw Material. — II., Storing of Raw Material. — III.^ 
Testing and Valuation of Raw Material — Paint Plant and Machinery. 

Part II., Chapters V.. The Grinding of White Lead.—VI., Grinding of White Zinc— VIU 
Grinding of other White Pigments. — ^VlII., Grinding of Oxide Paints. — IX., Grinding of Stain- 
ing Colours. — X., Grinding of Black Paints. — XL, Grinding of Chemical Colours — ^Yellows. — 
Xll., Grinding of Chemical Colours — Blues. — XIII., Grinding Greens. — XIV., Grinding Reds. 
—XV., Grinding Lakes.— XVI., Grinding Colours in Water.— XVIL, Grinding Colours 
Turpentine. 

Part III., Chapters XVIIL, The Uses of Paint.— XIX., Testing and Matching Paints.— 
XX., Economic Considerations. — Index. 

Press Opinions. 

" Will fill a place hitherto unoccupied ; . . . Dears all the marks of thoroughness both on the 
scientific and technical side. That it will take its place sis the standard book of its subject may 
safely be predicted." — A herdcen Free Press. 

" This is a workmanlike manual of the methods and processes of an industry known to the 
world at large only by its remote results. . . . This clearly written and well-informed hand- 
book gives a plain exposition of these matters, and cannot but prove useful to manufacturers 
and merchants, and to painters curious about the materials in which they work." — The Scotsman, 

" Mr. Smith's book is practical throughout, and it will be found helpful to those engaged in 
the industry and those who make use of paints." — The Architect. 

" It is an important text-book for students attending technical classes in these subjects, con- 
cisely setting forth in a most practical manner many intricate details in the preparation and 
production of paint during the operation of grinding. . . . The work should occupy a position 
on the bookshelf of every individual interested in paint." — The Decorators' and Painters' 
Magazine^ 

THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 
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Contents. 

Chapters I., History — Ores of Lead. — II., Geographical Distribution of the Lead Industry. 
— III., Chemical and Physical Properties of Lead — Alloys of Lead — Compounds of Lead. — 
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fordite — Nagyagite — Altaite — Melanochroite — Vauguelintte — Scheeletine. — VI., Plattncrite — 
Tilkcrodite — ^Kaphanosmite — Deckenite — Descloezite — Dufrenaysite — Bleinierite — Moffrasite 
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" The book is well and lucidly written." — Shoe Manufacturers' Monthly Journal. 

**This book cannot fail to be of great value to all engaged in the leather trades. . . . " — 

Midland Free Press. 
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** OivM much uflcful and interestiog inforouitioa ooooemiog the various p ro ceiiet by wfaacfa 
the wkifM of animalt are converted into leather.** — Luds Mercury. 

** It can thus be confidently recommended to all who are more or leas practically in- 
terested in the technology of a very important subiecL**— Leicester Post. 

** This is, in every respect, an altogether admirable, practical, clear and lucid treatise oo 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . . .** — Shoe and Leather 
Trader. 

** It certainly should be worth the while of English tanners to see what lessons they can 
learn from French practice, and French practice, we should imajKine, could hardly have a 
better exponent than the author of this large volume." — Western Dauy Press and Bristol Times. 

"... As a work of reference the volume will be extremely useful in the trade, and where 
Msure affords sufficient opportunity a careful perusal and study of it would afford ample 
r%wnrd"-'Kgttenng Guardian. 
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factare from 1700 to Mr. Wedgwood's commencement in 1760.— VI L. IntrodilCtioa of Hold 
Olaze. — Extension of the Manufacture of Cream Colour. — Mr. Wedgwood's Queen's Ware. — 
Jasper, and Appointment of Potter to Her Majesty. — Black Printing. — ^VIII., Introdactloa 
of Porcelain. Mr. W. Littler's Porcelain. — Mr. Cookworthy's Discovery of Kaolin and 
Petuntse, and Patent. — Sold to Mr. Champion — resold to the New Hall Com. — ^Extension of 
Term^— IX<^ Bine Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton. — Great Change in Patterns of Blue 
Printed.— X., IntrodttCtlon of Luetre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Prems Opinions. 

** There is much curious and useful information in the work, and the publishers have rendered 
the public a service in reissuing it.** — Burton Mail. 

** Copies of the original work are now of considerable value, and the facsimile reprint now 
issued cannot but prove of considerable interest to all interested in the great industry." — Derby 

Mercury. 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 

AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net. 

Contents. 

PART I., ANALYSIS AND MATERIALS.— Chapters I., Introdaction : Laboratory and 
Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analvsis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
(Mixed) Insoluble, Particular Analytic Processes. — II., Temperature : Coal, Steam Heat for 
Printers* Stoves. — III., Adds and Alkalies : Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations. — IV., The Earths : 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert. — ^V., Metals : ReciprocalCombi native Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 
Tin, Zinc. 

PART II., SYNTHESIS AND COMPOUNDS.— Chapters I., Sketch of the Origin and 
Progress of the Art. — II., Science of MixlnE' : Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths. — III., Bodies : Porcelain — Hard, Porcelain — Fritted Bodies, 
Porcelain — Raw Bodies, Porcelain — Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Pawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc — IV., Glazes : Porcelain — 
Hard Fritted, Poroelain^-Soft Fritted, Porcelain — Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artifioal 
Bmerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Engraving on Glass, Dr. Faradav's Experiments. — V., Colours : Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Qoid, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Cold for Burnishing, Printer's Oil, Lustres. 

PART III,, TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES 
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Press Opinions. 

"... There is an excellent historical sketch of the origin and progress of the art of pottery 
^•wfaicb sboMTs the intimate knowledge of classical as well as (the then) modern scientific litera- 
ture possessed by the late Dr. Shaw." — Glasgow Herald. 

** The historical sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion oft the book may 
be' most suggestive to the manuhicturer, as also the chapters devoted to the subject of glazes, 
glasses and colours." — Birmingham Post. 

** Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades 

some really good books, and their spirited enterprise is worthy of encouragement, for the 

utility of technical literature bearing upon the i ractical side of potting goes without saying. 

-. . . They are to be congratulated on their enterprise in republishing it." — Staffordshire 

Sentinel. 



Paper Making* 



-THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 

Illustrations and 167 patterns Of paper dyed In the pulp. Royal 

8vo, 180 pp. 1901. Price 15s. ; India and Colonies, 16s. ; Other 

Countries, 20s. ; strictly net. Limited edition. 

Contents. 
L, Behaviour of the Paper Fibres durinflr the Process of Dyeinflr, Theory of the 
Mordant.— XL, Colour Rxlnflr Mediums (Mordants).— III., Influence of the Quality of 
^e Water Used.— IV., Inorganic Colours.— V., Organic Colours.— VI., Practical 
Application of the Coal Tar Colours according to their Properties and their 
Behaviour towards the Different Paper Fibres.— Vll., Dyed Patterns on Various Pulp 
Mixtures.— Dyeinfl^ to Shade.— Index. 

Press Opinions. 

" The book is one that is of value to every one connected with the colouring of paper." — 
Paper Trade Jourtuil. 

"The great feature of the volume is undoubtedly the series of actual patterns of dyed 

papers, 157 in all — twelve of which, made in England, have been added to the original German 

series. Detailed formulae are given for the preparation of the pulp for each, and the tints of 

the samples practically form a key, by means of which the accuracy of the student's or 

i-practitioner's experiments can be tested. . . ." — World's Paper Trade Review. 

Enamelling on Metal. 

JEBNAMELS AND ENAMELLING. An Introduction to the 
Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By Paul Randau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 

I., Introduction. — II., Composition and Properties of Glass. — III., Raw Materials for the 
Manufoctare of Enamels. — IV., Substances Added to Produce Opacity. — ^V., Fluxes. — VI., Pig- 
iments. — ^VII., Decolorising Agents. — ^VIII., Testing the Raw Materials with the Blow-pipe 
Flame. — IX., Subsidiary Materials. — X., Preparing the Materials for Enamel Making. — ^Xl., 
Mixing the Materials. — ^XII., The Preparation of Technical Enamels, The Enamel Mass.— 
XIII., Appliances for Smelting the Enamel Mass. — XIV., Smelting the Charge. — XV., Com- 
position of Eflamel Masses.— XVI., Composition of Masses for Ground Enamels. — XVII., 
•Composition of Cover Enamels. — XVIII., Preparing the Articles for Enamelling. — XIX., 
Applying the Enamel.— XX., Firing the Ground Enamel.— XXI., Applying and Firing the 
Cover Enamel or Glaze.— ^XXII., Repairing Defects in Enamelled Ware. — ^XXIII., Enamelling 
Articles of Sheet Metal.— XXIV., Decorating Enamelled Ware.— XXV., Specialities in Ena- 
melling.- XXVI., Dial-plate Enamelling.— XXVI I., Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours.— >Index. 

Press Opinions. 

** Should prove of great service to all who sure either engaged in or interested in the art of 
«nsune!ling.**--y«ttre//cr5 and Watchmakers' Trade Advertiser. 

** I must inform you that this is the best book ever I have come across on enamels, and it is 
worth double its cost"— J. Minohin, Jr., Porto, Portugal, 72nd July ^ 1900. 

** This is a very useful and thoroughly practical treatise, and a«Us with every branch of the 
•enameller's art." — Invention. 
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THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown 8to. 60 ppi 
1900. Price 2s. 6ci. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., History — Cloi8onn6— Champs Lev^ — ^Translucent Enamel — Surface Painted 
Enamels. — II., Cloisonne— Champs Lev6s — ^Translucent — Painted. — III., Painted Enamel— 
ApfMuratus — Furnaces and MufiRes for Pirinfi. — IV., The Copper Base or Plate — Planishing 
Cloisons — Champ Lev6 Plates. — V., Enamels — Trituration — ^Wswhing— Coating a Plate witb 
Ensunel — Firing Ordinary Plaques for Painting — Designing — Squaring off. — VI.,. Designs for 
Cloisonne — Designs for Painted Enamels — Technical Processes — Brushes,. etc.,^-CoTour9— 
Grisaille— Full-ooloured Designs. 

Press Opinion. 

" The information conveyed in The A rt oj Enamelling on Metal is as complete as can be exr 
pected in a manual of ordinary length, and is quite ample in all respects to start students- in a 
most interesting branch of decorative art." — Hardware Metals and Machinery. 

Books on Textile and Dyeing 

Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfbld. Secondl 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price 
lOs. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net. 

Contents. 
Yam Testlngr. III., Determiiiinflr tb^ Yam Number.— IV., Testlajr the Length of 
Yams.— v., Examhiatlon of the External Appearance of Yam.— VI., Determlnlnflr the 
Twist of Yam and Twist.— VII., Determination of Tensile Strength and Btastictty.— 
VIII., Estimating: the Percentaipe of Pat in Yam.— IX., Determination of Moisture 
(Conditioning).— Appendix 

Press Opinions. 

" It would be well if our English manufacturers would avail themselves of this important 
addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch or textile manufacture." — Manchester Courier. 

** This is probably the most exhaustive book published in English on the subject." — Textile 
Recorder. 

** A careful study of this book enables one to say with certainty that it is a standard work on 
the subject." — Glasgow Herald. 

** . . . For the nrst time all the data relating to both physical and chemical tests as used 
throughout the whole of the textile industry, so that not only the commercial and textile 
chemist, who has frequently to reply to questions on these matters, but also the practical 
manufacturer of textiles and his subordinates, whether in spinning, weaving, dyeing,, and 
finishing, are catered for. . . . The book is profusely illustrated, and the subjects of these 
illustrations are clearly described." — Textile Manufacturer. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

With Designs and Illustrations. By R. T. Lord. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Demy8vo. 132 Designs and Illustrations. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6ci ; strictly net. 

Contents. 

Chapters I., A Few Hints on Designing Ornamental Textile Fabrics. — 11.^ A Few Hints on 
Designing Ornamental Textile Fabrics (continued). — III., A Few Hints on Designing Orna> 
mental Textile Fabrics (continued). — IV., A Few Hints on Designing GKnamental Textile 
Fabrics (continued). — V., Hints for Ruled-paper Draughtsmen. — VI., The Jacquard Machine. — 
VII., Brussels and Wilton Carpets. — VIII., Tapestry Carpets. — IX., Ingrain Carpets. — X.,. 
Axminster Carpets. — XI., Damask and Tapestry Fabrics. — XII., Scarf Stlks and Ribbons. — 
XIII., Silk Handkerchiefs.— XIV., Dress Fabrics.— XV., Mantle Cloths.— XVI .». Figured Plush.. 
—XVII., Bed Quilts.— XVIII., Calico Printing. 

Press Opinions. 

" The book can be strongly recommended to students and practical men J' — Textile Coloutist. 

"Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 
textiles will find this volume a useful work of reference." — Leeds Mercury. 

" To be commended as a model manual." — Dundee A dvertiser. 

" Designers especially, who desire to make progress in their calling,. will do well to take the 
hints thrown out in the first four chapters on 'Designing Omameotat Textile Fabrics'." — 
Nottingham Daily Guardian. 
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POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of Anthon Gruner. With 
Twenty-Six DIafirrams In Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

1., Power-Lo^m Weaving In Qeneral. Various Systems of Looms.— 11., Mountinfl^ 
and Startinr the Power- Loom. English Looms. — ^Tappet or Treadle Looms. — Dobbies. — 
Jill., Oeneral Remarks on the Numbering, Reellns: and Packing: of Yam.— Appendix.— 
■Useful Hints. Calculating Warps. — ^Weft Calculations.— Calculations of Cost Price in Hanks. 

Press Opinions. 

** A long-felt want in the weaving industry." — Belfast Evening Telegraph. 

•• The author has dealt very practically with the subject." — Bradford Daily Telegraph, 

" The book , . . should prove invaluable to the student."— Co^on Factory Times, 

** It is a capital text-book for use in the weaving schools or for self-instruction, while all 
engaged in the weaving industry will find its suggestions helpful." — Northern Daily Telegraph. 

"Yarn numbering according to various systems, with conversion tables and numerous 
coloured diagrams, materially assist to a clear comprehension of the subject." — Northern Whig. 

** The ' inside ' managers of our textile mills in which the work is complex or greatlv vari^, 
and where vams of different materials are in use, will find this work convenient for reference." 
— Textile Mercury. 

" The author attempts to fill a gap in weaving literature caused by the neglect of many 
obscure points connected with the industry." — Cheshire County News, 

** It is clear and concise, and gives just that knowledge in quality and amount which any 
student of the weaving industry ought to consider as a minimum necessary for his thorough 
comprehension of his future profession." — North British Daily Mail. 

**. . . The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood." — Textile Industries. 

** The smallest details of loom-setting are entered into, and a full explanation of problems, 
which are a aouttx of anxiety to many engaged in overlooking, is given. Students will find 
the work an admirable text-book, and all who are interested in weaving will see in it a valuable 
addition to the literature on this subject." — Bradford Observer. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 

FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis.; Other Countries, 12s. net. 

Contents. 

Chapters I., The Textile Flbre8.~Artificial Fibres— Mineral Fibres— Vegetable Fibres— 
•Cellulose — Cotton — Bombax Cotton — Vegetable Silk — Flax — Hemp— Jute — Ramie, Rhea, China 
Grass, Nettle Fibre — Distinguishing Tests for the Various Fibres — Animal Fibres : Silk — Animal 
Hairs— Sheep's Wool— Goat Wool and Camel Wool— Artificial Wool (Wool Substitutes}— 
•Conditioning.— I L, WashlnsT* Bleachlnfl^, Carbonislnjs:. — ^Washing and Bleaching (Definition) 
— Bleaching Agents — Cotton Bleaching — Linen Bleaching — Jute Bleaching — Hemp Bleaching 
— Ramie Bleachteg — Scouring and Bleaching Silk — Washing and Bleaching Wool — Blueing or 
White Dyeing — Carbonising. — IIL, Mordants and Mordantinsf* — Mordants: Mordanting 
Wool — Mordanting Silk — Mordanting Cotton — Alumina Mordants — Iron Mordants — Chrome 
Mordants — Tin Mordants — Copper and other Mordants — The Fixing Agents (Acid Mordants) : 
Tannic Acids — Oleic Acids. — IV., Dyelnsf. — (1) Theory of Colour: Combination of Colours: 
Dyeing to Pattern— <2) Theory of Dyemg— (3) Classification of Dye Stufls: Methods of Dyeing- 
Application of Acid Dye Stuffs— Application of Basic Dye Stuffs — Application of Direct or 
Substantive Cotton Dyes — Application of the Mordant Dyes : Dyeing with Cochineal — Black 
and Blue Dyeings with Logwood on Wool — Turkey-Red Dyeing — Dyeing with Catechu — Black< 
Dyeing Cotton 'with Logwood — ^Application of the Vat Dyes — ^Application of the Developing 
Dyes — (4) Dyeing on a Manufacturing Scale : Selection of Dye Stuffs for Dyeing — Silk Dyeing 
— Wool Dyeing— >Cotton Dyeing — Dyeing Mixed Fabrics — (5) Sample Dyeings, Colorimetric 
Determinations, Reactions of Dye Stuffs on the Fibre, Tests for Fastness — ^V., Printing;. — 
Hand Printing — ^The Perrotine Press — The Cylinder Press — Calico Printing : (1) Reproduction 
of Pattern by Direct Printing : Thickening Agents — Employment of Mordant Dye Stuffs, Basic, 
Albumin, Direct, Developing, Vat, Acid — Treatment of the Goods when Printed — (2) Combined 
Printing and Dyeing— <3) Discharge Stjrle Printing : Discharging the Mordant — Discharging 
Antimony Tannate — Discharging the Finished Dye — Turkey-Red Discharge Style — (4) Reserve 
Style Printing— K5) Topping Printing— Wool Printing— Silk Printing— Printing Yams, Warps, 
and Combed Sliven.— VL, Dressing: and Finishing*. — Dressing and Finishing — Substances 
used in Finishing: (1) Starch, Gum, etc. — (2) Patty Substances — (3) Hygroscopic Materials — 
(4) Loading Ingredients — (5) Colouring for the Dressing Preparations — (6) Metals or their 
Sulphites — (7) Waterproofing — (8) Fireproofing— (9) Antiseptics for Prevention of Mould- 
Application of Dressings — Drying — Stretching — Finishing: Shearing, Damping, Calendering, 
fieetling, MoIr^ or Watened Effects, Stamping — Finishing Woollens. — Index. 
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COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, P.C.S. With Ten 

Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Lights 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polarisoope, Phosphorescence, Fluorescence, Interference. — 11., Cause ot 
Colour in Coloured Bodies* Transmitted Colours, Absorption Spectra of Colouring 
Matters.~III., Colour Phenomena and Ttaeorlos. Mixing Colours, White Light from 
Coloured Lights, Efl^ct of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour- 
Photography.— IV., The Ptaysiologv of Ught. Structure of the Eye, Persistence of Vision,. 
Subjective Colour Phenomena, Colour Blmdness. — V., Contrast. Contrast, Simultaneous- 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours- 
by Contrast, Colour Contrast in Decorative Design.— VL, Colour in Decoration and 
Dasign. Colour HamuHiies, Colour Equivalents, Illumination and Colour, Colour and 
Textile Fabrics, Surfoce Structure and Colour. — VIL, Moasnrement of Colour. Colour- 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 

" This useful little book possesses considerable merit." — Birmingham Post. 

'* It will be found to be of direct service to the majority of dyers, calico printers and colour - 
mixers, to whom we confidently recommend it." — Chemical Trade Journal. 

" It is thoroughly practical, and gives in simple language the why and wherefore of the many 
colour phenomena which perplex the dyer and the colourist." — Dyer and Calico Printer. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

^Materials and the Technology of the Spinning Process.) Text-book for- 
Textile, Trade and Higher Technical Schools. By Julius Zipser. 
Translated from German by Charles Salter. 302 Illustrations. 
480 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and Colonies, lis.; 
Other Countries, 12s. ; strictly net. 

Contents. 

Introduction. 

PART I.— The Raw Materiais Used In the Textile Industry. 

GROUP I. Mineral Raw Materials. Asbestos— Glass— Metals. 

GROUP II. Vegetable Raw Materials. Seed Fibres — Cotton — Bombax Wool— 
Asclepias Wool — Poplar, Cotton Grass and Bulrush Wool — Stem Fibres — Flax— Hemp — Jute- 
— Nettle Fibres — Sunn Hemp— Leaf Fibres — New Zealand Hemp — Manila Hemp— Sisal and 
Domingo Hemp— Aloe Fibre — Pineapple Fibre — Vegetable Wool — Fruit Fibres — Cocoanut 
Fibre — Other Vegetable Raw Materials employed in Weaving — Straw — Wood — Cane — 
Caoutchouc. 

GROUP III. Animal Raw Materials. Animal Wool and Hair— Sheep's Wool — Goat 
Wool — Camel Wool — Llama and similar Wools — Cow Hair — Poodle Hair — Hare, Rabbit, Cat 
and Beaver Fur— Horse Hair— Bristles— Silk— Natural Silk— Artificial Silk— Byssus Silk— 
Etetection and Estimation of Textile Raw Materials in Yarns and Fabrics— Characteristics of' 
Mineral Raw Materials — Detecting and Methods of separating Vegetable and Animal Raw 
Materials in general— The Combustion Test— The Mandarin Test— The Picric Acid Test— The 
Sulphuric Acid Test — The Alkali Test — Differentiation of Animal and V^etable Fibres in 
detail — Characteristics of Cotton — Characteristics of Flax — Characteristics of Sheep's Wool- 
Characteristics of True Silk — Characteristics of Artificial Silk — Determining the Constituents of 
Textile Fabrics — The Detection of Cotton in Linen Fabrics — The Detection of Cotton in 
Woollen Fabrics— The Detection of Cotton in Silk Fabrics— The Detection of Wool in Silk 
Fabrics— The Detection of Wild Silk in True Silk Fabrics— The Detection of Artificial Silk ii>. 
Silk Fabrics— The Detection of Byssus Silk in Silk Fabrics. 

PART II.— The Technology of Spinninflr or the Conversion of Textile Raw 

Materials into Yam. 

Spinning — Sequence of Operations in Spinning — General Observations on the Machinery 
and Process of Spinning — Fine Spinning Machines — Requisite Properties for a Well-spuR* 
Thread. 

GENERAL REVIEW OF THE VARIOUS BRANCHES OF 
THE SPINNING PROCESS. 

GROUP I. Spinning Vegetable Raw Materials. Cotton Spinning — Preparatory 
Processes — Mixing — Opening and Cleaning — Carding — Combing — Drawing and Doubling — 
Roving — Roving Frames producing a Permanent Twist — Machines producing Temporary Twist 
— Fine Spinning— The Throstle or Water Frame — The Mule Frame — Supplementary Treatment : 
Finishing — Finishing Processes producing no change in the Character of the Yam — Converting 
Yams into New Forms — Additional Finishing Processes — Packing — Instaltation of a Cotton < 
Mill — Humidifiers — Spinning Waste Cotton and Waste Cotton Yams — Preliminary Operations. 
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— Carding — Slubbing — Pine Spinning — Supplementary and Finishing Operations — Flax Spin- 
ning — Preparatory Treatment^Oilling — Doubling and Drawing — Roving — ^The Roving Frame - 
— Pine Spmning — Supplementary Treatment— Operations leaving the Yam unchanged — Opera- 
tions for producing New Combinations of Threads — Packing — Tow Spinning — Preparatory- 
Treatment — Roving — Pine Spinning — Hemp Spinning — Spinning Hackled or Line Hemp- 
Spinning Hemp Tow String—Jute Spinning — Spinning Jute Line Yam — Spinning Jute Tow 
Yams — Supplementary Treatment — The Production or Mixed Yams — Utilising Jute Waste. 

PART III.— Sjpinninflr Animal Raw Materials. 

Spinning Carded Woollen Yam — Preparatory Treatment — Scouring, Washing and Rinsing 
— Draining and Drying the Wool — Burr Extractions-Opening and Willowing — Oiling the Wool 
— Carding — Condensing — Belt Condensers — Steel Band Condenser — Pine Spinning — The Mule 
— The Throstle Frame — Supplementary Treatment — Supplementary Treatment leaving the- 
Yarn unaltered — Treatment with a view to producing Novel Effects — Finishing Yarn — Packing 
Yarn — Worsted Spinning — Manufacture of True Worsted Yarn — Preliminary Treatment — 
Sorting — Steeping, Washing and Rinsing — Drying — Oiling — Carding — Gilling — Combing — 
Drawing — Smoothing — Drawing and Slubbing — Roving — Fine Spinning — The Worsted Mule- 
Frame — Worsted Throstle Frames — Supplementary Treatment — Processes leaving the Yam 
unchanged — Producing New Types of Yam — Finishing Worsted Yam — Packing — Semi- 
Worsted Yams — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manuracture — 
Cleaning the Rags — Sorting the Rags — Trimming the Rags — Scouring — Disintegration — 
Extract Wool — Shaking — Scouring— Carbonising — Disintegration — Spinning Shoddy and 
other Wool Substitutes— Spinning Waste Silk — Chappe Silk — Preliminary Treatment — Sorting 
— Steeping — Maceration — Scouring and Beetling — Drying— Sprinkling— Beating — Opening — 
Dressing — Spreading — Doubling and Drawing — Slubbing and Roving — Fine Spinning — Supple- 
mentary Operations — Operations leaving the Yam unaltered — Producing New Forms of Yam. 
— Finishing off Chappe Silk — Packing — Bourette Spinning. — Index. 

DYERS' MATERIALS: An Introduction to the Examination^ 
Evaluation and Application of the most important Substances used in. 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D.. 
TransUited from the German by Arthur C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). With Two Plates, containing Twenty-four Illustrations. 
Crown 8vo. 150 pp. 1901. Price 5s. ; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 
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'*A most useful manual dealing in an intelligible and interesting manner with the colour 
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■^he industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught, the book is valuable." — 
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Press Opinions. 

" The work has evidently been prepared with great care." — Halifax Courier. 

" The volume, which is clearly and popularly written, should prove of the utmost service to 
all who are concerned with the practical use of colours, whether as dyers or painters." — 
Scotsman. 

" We have no hesitation in advising the purchase of the present volume by dyers and calico** 
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Journal. 

"Mr. Paterson's work . . . will be found exceedingly helpful, not only to the practical 
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their class lectures." — Wakefield Express. 

"... The author is a dyer, and in his concluding chapters keeps well before him the 
special wants and requirements of dyers. He writes pleasantly and lucidly, and there is nO' 
difiBculty in following him, although here and there a lapse into ambiguousness occurs." — 
Textile Mercury. 
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" It should form a part of the library of every dyer and colourist in the United Kingdom 
and indeed of every English-speaking country." — Dyer and Calico Printer, 

"We recommend it to every one who has anything to do with colour matching, even to* 
m2rchants dealing in colouring goods." — Indian Textile J ourmU. 
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olumns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
— Appendix : Official Methods of Testing Terra-cottas. 

Part II. Made-up or Decorated Pottery.— Chapter I., General Remarks on the Deco- 
ration of Pottery : Dips — Glazes : Composition, Colouring, Preparation, Harmony with 
Pastes — Special Processes of Decoration — Enamels, Opaque, Transparent, Colours. Under- 
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Firing, Enamelling, Decoration — Applications — Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter V.,. 
Sanitary Pottery : Stoneware Pipes : Manufacture, Firing — Applications — Sinks — Applications 
— Urinals, Seats and Pans — Applications — Drinking-fountains, Washstands. — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emilb 
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Materials of Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials : Analogous 
to Clay — Agglomerative and Agglutmative — Opening — Fusible — Refractory — Trials of Raw 
Materials. — III., Plastic Bodies. Properties and Composition — Preparation of Raw Materials: 
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Carboniferous, Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — Tests for Fireclay 
Goods. — XL, Faiences. Varnished Faiences — Enamelled Faiences — Silicious Faiences — Pipe- 
clay Faiences — Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture 
and General Arrangements of Faience Potteries. — XII., Stoneware. Stoneware Properly So- 
called: Paving Tiles — Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical 
Productions — Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine 
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Porcelain — Soft Phosphated or English Porcelain — Soft Vitreous Porcelain, French and New 
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THE ART OF RIVETING GLASS, CHINA AND 
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ENAMEL PAINTING. A Complete Introduction to the 

Preparation of all the Colours and Flaxes used for Painting on Porce- 
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oured Glasses, together with a Minute Description of the Firing of 
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Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid,. 
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"Will be found of much interest to the amateur.'* — Art Amateur^ New York. 

"... The whole cannot fail to be both of service and interest to glass workers and to- 
potters generally, especially those employed upon high-class work." — Staffordshire Sentinel. 

"For manufacturers and students it will be a valuable work, and the recipes which appear 
on almost every page form a very valuable feature." — Builders Journal. 

"... Very careful instructions are given for the chemical and mechanical preparation of 
the colours used in glass-staining and porcelain-painting ; indeed, to the china painter such a. 
book as this should be of permanent value." — Daily Chronicle. 
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ttuming Section iaolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (6) 

Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples oi Cylindrical and Dome- 

r«haped Dams. Dam Doors : Flooding the Whole Pit.— VI., Rescne Stations : (a) Stations 

:>above Ground ; (6) Underground Rescue Stations.— VII., Spontaneous Ignition of Coal in 
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Sheet I., RMplratory and Rescue Appliances— Precautions against Fire. Sheet 
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" A work of this extremely valuable character deserves to be made widely known sunongst 

• colliery managers and mining engineers at home and abroad."— Coa/ and Iron. 

" Tnis book is, in a manner, unique. The literature of mining accidents is fairly extensive, 
> but it consists largely of departmental Blue Book^"— Sheffield Daily Telegraph. 

"A concise and lucid description of the principal methods pursued, especisdly in fiery 

• mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
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"The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall neavily on many colliery managers. They should, therefore, welcome 
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Introductory. — Chapters I., Fuel and Combustion. — II., Hand Firing in Boiler Furnaces. — 

III., Stoking by Mechanical Means. — IV., Powdered Fuel. — V., Gaseous Fuel. — ^VI., Efficiency 

and Smoke Tests of Boilers.- VII., Some Standard Smoke Trials.— VI 1 1., The L^al Aspect 

•of the Smoke Question. — IX., The Best Means to be adopted for the Prevention of Smoke. — 

Index. 

Press Opinions. 

" Everybody interested in smoke prevention will derive the greatest benefit from Mr. 
Popplewell's treatise, and will learn much that is new to them." — Public Health Engineer. 

" The Manchester expert who writes this book is thoroughly equipped for the tsisk, and he 
has produced a work which ought to be in the hands of all Sanitary Inspectors tmd Health 
Committees, and it would be a useful present from manufacturers to stokers, instead of pos- 
.'Stbly spending the value of the volume in payment of fines." — Sheffield Independent. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances — 
i>irect Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
•Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing. — Index. 

Press Opinions. 

" The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed 
and illustrated." — Chemical Trade Journal. 

" The book will appeal with force to the manufacturer as well as to the technical student, 
whilst it is also of far more than average interest to the general reader." — Halifax Guardian. 

" The importance that gas and coal dust firing have attained of recent years, and especially 
the great interest attaching of late to the question of coal dust firing, makes the appearance 
of the present volume most opportune." — Iron and Coal Trades Review. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. Second Edition Revised. 1902. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 
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Contents. 

Chapters I., Cast Sheet Lead. — II., Milled Sheet Lead. — IIL, Roof Cesspools. — IV., Socketr 
Pipes.— v., Drip8.--VI., Gutters.— VII., Gutters (continued).— VIIL, Breaks.— IX., Circular 
Breaks.— X., Flats.— XI., Plats (continued).— XII., Rolls on Plats.— XIII., Roll Ends.— XIV., 
Roll Intersections.— XV., Seam Rolls.— XVI., Seam Rolls (continued).— XVII., Tack Pixings. 
—XVIII., Step Flashings.— XIX., Step Flashings (continued).— XX., Secret Gutters.— XXI.,. 
Soakers. — XXII., Hip and Valley Soakers. — XXIII., Dormer Windows. — XXIV., Dormer 
Windows (continued).- XXV., Dormer Tops.— XXVI., Internal Dormers.— XXVII., Skylights. 
—XXVIII., Hips and Ridging.— XXIX., Hips and Ridging (continued).— XXX., Pixings for 
Hips and Ridging.— XXXI., Ornamental Ridging.— XXXII., Ornamental Curb Rolls.— XXXIII.,.. 
Curb Roll8.-5CXXIV., Cornices.— XXXV., Towers and Pinials.— XXXVI., Towers and Pinial». 
(continued).— XXXVII.,Towers and Pinials (continued).— XXXVIII., Domes.— XXXIX., Domes 
(continued). — XL., Ornamental Lead Work. — XLL, Rain Water Heads. — XLII., Rain Water- 
Heads (continued). — XLII I., Rain Water Heads (continued). 

Press Opinions. 

" This is an eminently practical and well-illustrated volume on the management of external' 
lead work." — Birmingham Daily Post. 

** It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 
benefit to those who have not had large experience." — Sanitary Journal. 

"Works on sanitanr plumbing are by no means rare, but treatises dealing with external 
plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep- 
tion." — The Ironmonger. 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Introduction. — C apters I., Pipe Bending. — H., Pipe Bending (continued). — III., Pipe 
Bending (continued). — IV., Square Pipe Bendings. — V., Half-circular Elbows. — VI., Curved 
Bends on Square Pipe. — VII., Bossed Bends. — VIII., Curved Plinth Bends. — IX., Rain-water 
Shoes on Square Pipe- — X., Curved and An^le Bends. — XL, Square Pipe Fixings. — XII., Joint- 
wiping. — XIII., Substitutes for Wiped Joints. — ^XIV., Preparing Wiped Joints. — XV., Joint 
Fixings.— XVI., Plumbing Irons.— XVII., Joint Fixings.— XVIII., Use of "Touch" in Solder- 
ing.— 3CIX., Underhand Joints. — ^XX., Blown and Copper Bit Joints. — XXL, Branch Joints. — 
XXII. , Branch Joints (continued). — XXIIL, Block Joints. — XXIV., Block Joints (continued). — 
XXV., Block Fixings.— XXVI., Astragal Joints— Pipe Fixings.— XXVII., Large Branch 
Joints.— XXVI 1 1., Large Underhand Joints.— XXIX., Solders.— OCXX., Autogenous Soldering: 
or Lead Burning. — Index. 

Press Opinions. 

" Rich in useful diagrams as well as in hints." — Liverpool Mercury. 

** The papers are eminently practical, and go much farther into the mysteries they describe 
than the title * Hints ' properly suggests." — Scotsman. 

** The articles are apparently written by a thoroughly practical man. As a practical guide 
the book will doubtless be of much service." — Glasgow Herald. 

" So far as the practical hints in this work are concerned, it will be useful to apprentices and 
students in technical schools, as it deals mainly with the most important or difficult branches, 
of the plumber's craft, vi.r., johit wiping, pipe bending and lead burning. . . . * Hints' are the 
most useful things to an apprentice, and tnere are many in this work which are not to be found 
in some of the text-books." — English Mechanic. 

"22 Prymb Street, Hull, 24th November^ 1894. 

" Gentlemen, — ^Vour books to hand for which accept my best thanks, also for circulars. I 
myself got one of J. W. Hart's books on Plumbing from your traveller, and having looked 
through the same I can safely recommend it as being the best book I have seen. Mr. J. W.. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential 
branches in the plumbing trade." 

THE PRINCIPLES AND PRACTICE OP DIPPING^ 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 

8vo. 1900. Price 2s. ; Abroad, 28. 6d. ; strictly net. 

Contents. 

Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping. — II., Scratch- 
brushing and Burnishing; Polishing; Burnishing. — III., Lacquering; Tools; Lacquerft. — 
IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing. — Index. 

Press Opinions. 

" Mr. Brown is clearly a master of his craft, and has also the immense advantage of being, 
able to convey his instructions in a manner at once clear and concise." — Leicester Post. 

"A thoroughly practical little treatise on the subject in all its branches, and one which 
should be in the hands of every tradesman or amateur who has lacquering to do." — Irish Builder, 
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l¥ORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 1901. 
Price 28. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Parts I., Decorating.— II., Painting. — III., Paper-hanging.— IV., Miscellaneous. 
Arranged in alphabetical order. 

Press Opinion. 

" Decorators, painters and amateurs will find this a comprehensive work of reference on 
•nearly every subject they are in need of.* —Building News. 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 

1900. Price 3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; 
strictly net. Contents. 

Chapters!., Tools and Appliances. — II., Colours and Their Harmonjr.— III.,, Pigments and 

Media. — IV., Pigments and Media. — V., Pigments and Media. — ^VI., Pigments and Media. — 

VII., Preparation of Work, etc. — VIII., Application of Ordinary Colour. — IX., Grainii^. — 

X., Graining.— XL, Graining.— XII., Gilding.— XIII., Writing and Lettering.— XIV., Sign 

H^ainting. — XV., Internal Decoration. — Index. 

Press Opinion. 

" The author is evidently very thoroughly at home in regard to the technical subjects he has 
net himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
carry away a clearer grasp of the details of the subject after going over the performance."— 
BuUding Industries, 

A HISTORY OP DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
2s. 6d. ; Abroad, 3s. ; strictly net. 

Contents. 

Chapters I., Primitive and Prenistoric Art. — II., Egyptian Art. — III., Assy nan Art. — IV., 
'The Art of Asia Minor.— V., Etruscan Art.— VI., Greek Art.— VII., Roman Art.— VIIL, 
JByzantine Art. — IX., Lombard or Romanesque Art. — X., Gothic Art. — XL, Renaissance Art. — 
XI L, The Victorian Period. — Index. 

Press Opinion. 

"In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 
mteresting and comprehensive survey of the progress and development of decorative art. It 
cannot, of course, be pretended that in the limited space namcKl the subject is treated ex - 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise." — 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

1901. Price 2s. ; Abroad, 2s. 6d. ; net. 

Contents. 

A Few Words on Enamelling— Appliances and Apparatus— Japans or Enamels— To Test 
Enamel for Lead — Japanning or Enamelling Metals — Japanning Tin, such as Tea Trays, and 

-similar Goods — Enamelling Old Work — Enamel for Cast Iron — Enamel for Copper Cooking 
Utensils — The Enamelling Stove — Enamelling Bedsteads, Frames and similar large pieces- 
Paints and Varnishes for Metallic Surfaces — Varnishes for Ironwork — Blacking for Iron — 
Processes for Tin Plating — Galvanising — Metal Polishes — Colours for Polished Brass — ^A 
Golden Varnish for Metal — Painting on Zinc — Carriage Varnish — Japanese Vju*nish and its 

Application. — Index 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 

Chapters L, Water Circulation.— II., The Tank System.— III., Pipes and Jomts.— IV., The 
'Cylinder System.— V., Boilers for the Cylinder System.— VI., The Cvlinder System.— VII ^ The 
Combined Tank and Cylinder System. — ^VIIL, Combined Independent and Kitchen Boiler. — 
IX., Combined Cylinder and Tank System with Duplicate Boilers. — X., Indirect Heating and 
Boiler Explosions.— XL, Pipe Boiler8.—XII.,Safety Valves.— XII L, Safety Valves.— XIV., The 
American System.— XV., Heatins Water by Steam.— XVL, Steam Kettles and Jets.— XVIL, 
•Heating Power of Steam.— XVI IL, Covering for Hot Water Pipes.— Index. 
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Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 
15s. ; strictly net. 

Contents. 

PART I., HISTORY OF THE HOP. 

PART IL, THE HOP PLANT. Introductory.— The Roots.— The Stem and Leaves.— 
Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop.— The Fruit and its Glandular Structure : The Fruit and Seed.— 
Propagation and Selection of the Hop. — Varieties of the Hop : (a) Red Hops ; (6) Green Hops ; 
•<c) Pafe Green Hops. — Classification according to the Period of Ripening: 1. Early August 
Hops ; 2. Medium Early Hops ; 3. Late Hops. — Injuries to Growth : Malformations ; Diseases 
Produced by Conditions of Soil and Climate:'!. Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Ofi^, 4. Honey Dew, 5. Damage from Wind, Hail and Pain : Vegetable 
Enemies of the Hop : Animal Enemies of the Hop. — Beneficial Insects on Hops. 

PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation : Climate ; Soil ; Situation. — Selection of Variety and Cuttings. — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year. — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting : I. Method of Cutting : Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Tl. Proper Season for Cutting: Autumn Cutting, Spring 
Cutting ; Manuring ; Training the Hop Plant : Poled Gardens, Frame Training ; Principal 
Types of Frames ; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drying and Bagging. — Principal and Subsidiary Utilisation of Hops and Hop Gardens. — Lire 
> of a Hop Garden ; Subsecjuent Cropping. — Cost of Production, Yield and Selling Prices. 

PART IV. — Preservation and Storage. — Physical and Chemical Structure ofthe Hop Cone. 
—Judging the Value of H<>ps. 

PART v.— Statistics of Production.— The Hop Trade.— Index. 

Press Opinions. 

" The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can 
take away some useful information from its pages." — Irish Farming World. 

** Like an oasis in the desert comes a volume upon the above subject." — Hereford Times. 

" This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops 
that has been published." — Brewers' Journal. 



Wood Waste Utilisation. 

THE UTILISATION OP WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown Svo. 192 pp. 1902. Fifty 
Illustrations. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 
6s. ; net. 

Contents. 

Chapters I., General Remarks on the Utilisation of Sawdust. — II., Employment of Saw- 
dust as Fuel, with and without Simultaneous Recovery of Charcoal and the Products of 
Distillation. — III., Manufacture of Oxalic Acid from Sawdust — (I) Process with Soda Lye ; 
(2) Thorn's Process ; (3) Bohlig's Process.— IV., Manufacture of Spirit (Ethyl Alcohol) from 
Wood Waste — Patent Dyes (Organic Sulphides, Sulphur Dyes, or Mercapto Dyes). — V., 
Artificial Wood and Plastic Compositions from Sawdust — Production of Artificial Wood 
Compositions for Moulded Decorations. — VI., Employment of Sawdust for Blasting Powders 
and Gunpowders. — VII., Employment of Sawdust for Briquettes — Employment of Sawdust 
m the Ceramic Industry and as an Addition to Mortar — Manufasture of Paper Pulp from 
Wood — Casks. — VIII., Various Applications of Sawdust and Wood Refuse — Calcium Carbide 
— Manure — Wood Mosaic Plaques — Bottle Stoppers — Parquetry — Fire-lighters — Carborun- 
dum.— IX., The Production of Wood Wool— Bark.— Index 
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Foods and Sweetmeats. 

THE MANIjyACTURE OF PRESERVED FOODS ANI> 
SWEETMEATS: A Handbook of all the Processes for 
the Preservation of Flesh, Fruit and Vegetables, and for the Prepara- 
tion of Dried Fruit, Dried Vegetables, Marmalades, Fruit-Syrups andi 
Fermented Beverages, and of all kinds of Candies, Candied Fruit, 
Sweetmeats, Rocks, Drops, Drag^s, Pralines, etc. By A. Hausnbr. 
With Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d..-^ 
India and Colonies, Ss. ; Other Countries, 8s. 6d. ; net. 

Contents. 

Part I., The Mannfactare of Conserves.— Chapters U Introduction.— II.. The Causes of ~ 
the Putrefaction of Pood.— III.. The Chemical Composition of Foods.— IV., The Products of 
Decomposition. — V.. The Causes of Fermentation and Putrefaction. — VI.. Pieaervative Bodies. 
— VIU The Various Methods of Preserving Pood.— VIII., The Preserx^ation of Animal Food. — 
IX., Preserving Meat by Means of Ice.— X^ The Preservation of Meat by Charcoal.— XI., 
Preservation of Meat by Drying. — XII., The Preservation of Meat by the Exclusion of Air. — 
XIII.. The Appert Method.— XIV., Preserving Flesh by Smoking.— XV., Quick Smoiiing.— XVI.. 
Preserving Meat w-ith Salt.— XVII.. Quick Salting by Air Pressure.— XVIII.. Quick Salting by 
Liquid Pressure. — XIX^ Garagee's Method of Preserving Meat. — XX., The Preservation of 
Eggs.— XXI., Preservation of White and Yolk of Egg.— XXII.. .Milk Preservation.— XXIII.,. 
Condensed Milk.— XXIV., The Preservation of Fat.— XXV., Manufacture of Soup Tablets. — 
XXVI.— Meat Biscuits.— XXVII., Extract of Beef.— XXVIIU The Preservation of Vegetable- 
Foods in GeneraL— XXIX.— Compressing V^etables.— XXX., Preservation of V^etables by 
Appert's Method.— XXXU The Preservation of Fruit— XXXII., Preservation of Fruit t^ 
Storage.— XXXIII . The Preservation of Fruit by Drying.— XXXIV., Drying Fruit by Artificial 
Heat.— XXXV., Roasting Fruit.— XXXVI., The Preservation of Fruit with Sugar.— XXXVII... 
Boiled Preserved Fruit.— XXXVIII.. The Preservation of Fruit in Spirit, Acetic Acid or 
Glycerine. — XXXIX.^ Preservation of Fruit without Boiling. — XL^ Jam Manufacture. — XLI.». 
The Manufacture of Fruit Jellies.— XLI I., The Making of Gelatine Jellies.— XLI 1 1.. The 
Manufacture of ** Sulzen." — XLI V.. The Preservation of Fermented Beverages. 

Part II., The Manufacture of CandiM.— Chapters XLV^ Introduction.— XLVL. The- 
Manufacture of Candied Fruit. — XLVIL. The Manufacture of Boiled Sugar and Caramel.- — 
XLVIII., The Candying of Fruit.— XLIX.. Caramelised Fruit.— L., The Manufacture of Sugars- 
Sticks, or Barley Sugar.— LI., Bonbon Making.— LIL. Fruit Drops.— LI II., The Manufacture- 
of Drag^ea. — LiV., The Machinery smd A|q>liances used in Candy Manufacture. — LV.. Dyeing 
Candies and Bonbons. — LVI., Essential Oils used in Candy Making. — LVII., Fruit Essences. — 
LVIII., The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges. — LIX^ 
Recipes for Jsuns and Jellies. — LX., Recipes for Bonbon Making. — LXI., Dragdes. — Appendix.. 
— Index. 
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TIMBER : A Comprehensive Study of Wood in all its Aspects^ 
(Commercial and Botanical), showing the Di£Ferent Applications and 
Uses of Timber in Various Trades, etc. Translated from the Prenchi 
of Paul Charpentibr, Expert Chemical Engineer, Assayer of the 
French Mint, etc., by Joseph Kbnnell. Royal 8vo. 437 pp. 178- 
Illustrations. 19(K2. Price 12s. 6d. ; India and Colonies, Uis. 6d. ;: 
Other Countries, 15s. ; net. 

Contents. 

Preface.— Part I^ Physical and Chemical PropertlM of Timber.— Chapters I., Com- 
position of the V^etable Bodies — Chief Elements — M. Premy's Researches. — II., Elementary, 
Organs of Plants and especially of Porests. — III., Different Parts of Wood Anatomicadly an^ 
Chemically Considered. — IV., ueneral Properties of Wood. 

Part II., Description of tlie Different iOnds of Wood.— Chapters V.» Principal Essences 
with Caducous Leaves. — VI., Coniferous Resinous Trees. 

Part III., IMvision of the Useful Varieties of Timber in the i>ifferent Coontries o^ 
tiie OlolM.— Chapters VII., European Timber.— VIII., African Timber.— IX^ Asiatic Timber 
— X., American limber. — XL, Timber of Oceania. 

Part IV., Porests. — Chapters XII., General Notes as to Forests ; their Influence. — XIII.. 
Opinions as to ^Iviculture — Improvement of Forests. — XIV., Unwooding and Rewooding — 
Preservation of Forests. — XV., Exploitation of Forests. — XVI., Damage caused to Forests- 
Different Alterations. 

Part v., The i^eservation of Timber.— Chapters XVII.» Generalities— Causes and 
Progress of Deterioration — History of Different Proposed Processes.^-XVIII.,.Dessication — 
guperflcial Carbonisation of Timber. — XIX., Processes by Immersion:— Generalities as toi 
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Antiseptics Employed. — XX., Injection Processes in Closed Vessels. — XXL, The Boucherie 
System, Based upon the Displacement of the Sap. — XXII., Processes for Making Timber 
Uninflammable. 

Part VI., Applicatloiis of Timber.— Chapters XXIII., Generalities— Working Timber— 
iPaving — ^Timber for Mines — Railway Traverses. — XXIV., Accessory Products — Gums — Works 
of M. Fremy — Resins — Barksr— Tan — Application of Cork. — XXV., The Application of Wood 
to Art and Dyeing.— XXVI., Diflerent Applications of Wood— Hard Wood— Distillation of 
Wood — Pyroligneous Acid — Oil of Wood-^Distillation of Resins. — Index. 

{See also " Wood Waste Utilisation;' p. 33.] 

Fancy Goods Manufacture. 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Preface. — Introduction. — Chapters I., Mordants and Stains: Acids, Alkalies, Iron Salts, 
•Copper Salts, Aluminium Salts, Chromium Salts, Tin Salts, Lead Salts, Manganese Salts, 
Silver and Gold Salts. — II., Natural Dyes : Redwood, Red Sandalwood, Madder, Orchil, Cudbear, 
Lac-Dye, Cochineal, Saffron, Annatto, Safflower, Fustic, Fustet, Quercitron, Flavin, Turmeric, 
Weld and its substitutes, Persian Berries, Barberry Root,Indigo, Logwood,Cutch, Galls, Sumach, 
iKnoppem. — III., Artificial Pigments: White Lead, Naples Yellow, Red Lead, Smalts, Ultra- 
Manne, Cinnabar, Prussian Blue, Orpiment, Realgar, Chrome Green, Chrome Yellow, Chrome 
iRed, Chrome Orange, Mosaic Gold, Green Mineral Colours, Red Ochres, Rouge, Cadmium 
Yellow. — IV., Coal Tar Dyes : Reds, Yellows and Oranges, Blues, Violets, Greens, Browns, 
'Grey and Black — Aniline Dyes Soluble in Fat : Resinate Colours, Aniline Lakes. — V., Staining 
Marble and Artificial Stone : Red, Violet, Blue, Green, Yellow, Orange, Brown, Black, Execu- 
tion of Parti-Coloured Designs. — VI., Dyeing, Bleaching and Imitation of Ek>ne, Horn and 
Ivory — Bone Bleaching — Dyeing Bone: Black, Red, Yellow, Blue, Violet, Green, Grey and 
Brown — Horn, Bleachmg and Whitening — Dyeing Black, Grey, Brown, Blue, Green, Violet 
.and Red — Imitation of Tortoiseshell for Combs: Yellows, Dyeing Nuts. — Ivory: Dyeing Black, 
Red, Yellow, Blue, Violet, Green, Grey and Brown — Further Remarks on Ivory Dyeing. — VII., 
\Wood Dyeing : Black, Grey, Brown, Violet, Blue, Red, Yellow, Green — Imitation of Mahogany : 
Dark Walnut, Oak, Birch-Bark, Blder-Marquetry, Walnut, Walnut-Marquetry, Mahogany 
■Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear Tree — Black 
•Dyeing Processes with Penetrating Colours. — VIII., Varnishes and Polishes: English Furniture 
Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for Preserving 
•Furniture. — Index. 

Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS ; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
•F.C.S., Member of the German Chemical Society of Berlin. Eight 
Coloured Plates and Thirteen Illustrations. Crown 8vo. 115 pp. 1902. 
Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

ContentSp 

Part I. — Chapters I., The Various Causes of Dampness and Decay of the Masonry of 
Buildings, and the Structural and Hygienic Evils of the Same. — II., Precautionary Measures 
during Building against Dampness and Efflorescence. — III., Methods of Remedying Dampness 
and Efflorescences in the Walls of Old Buildings. — IV., The Artificial Drying of New Houses 
as well as Old Damp Dwellings, and the Theory of the Hardening of Mortar. — V., New, 
Certain and Permanently Efficient Methods for Diying Old Damp Walls and Dwellings. 

Part 11. — Chapters I., The Cause and Origin of Drv-rot : its Injurious Effect on Health, its 
Destructive Action on Buildings, and its Successful Repression. — II., Methods of Preventing 
Dry-rot to be Adopted During Construction. — III., Old Methods of Preventing Dry-rot. — 
IV^ Recent and More Efficient Remedies for Dry-rot.^Index 
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SIDEROLOGY: THE SCIENCE OF IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freihbrr v. JiJPTNER. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. 1902. Price lOs. 6d. ; India and Colonies, 1 Is. i. 
Other Countries, 12s. ; net. 

Contents. 

Book I., The Theory of Solution. — Chapters I., Solutions. — II., Molten Alloys — Varieties, 
of Solutions. — III., Osmotic Pressure. — IV., Relation between Osmotic Pressure and other 
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